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Abstract 
The sloughing cycle of Elaphe taeniura was divided into 
2 phases, the resting phase and the renewal phase and 6 skin 
stages. Stage 1 was the resting phase and stage 2 to 6 were 
the renewal phase. Cloudy eye phase occurred at stage 4 and 
cleared at stage 5. The epidermis at stage 6 (shortly before 
sloughing) consisted of two epidermal generations: the mature 
outer epidermal generation and the immature inner epidermal 
generation. The outer epidermal generation consisted of 6 
cellular layers: the Oberhautchen, fl-layer, mesos layer, a-
layer, lacunar tissue and clear layer. The inner epidermal 
generation consisted of the Oberhautchen, fl-layer, mesos layer 
and partially mature a-layer. All these cellular layers were 
proliferated and differentiated from the basal layer, the 
stratum germinativum. During sloughing, the outer epidermal 
generation was discarded and replaced by the inner epidermal 
generation. 
In normal Elaphe taeniura, the animals sloughed very 
infrequent 1y with very variable cycle lengths (from 31 to 72 
days). Thyroidectomy increased the SFs and the sloughing cycle 
became shorter and less variable (about 15 days). Epidermal 
histology of the Tx animals was always in the renewal phase. 
No stage 1 epidermal histology was found in Tx snakes after 
first slough. With the injection of T3, the epidermal 
condition was always in the stage 1. T3 probably inhibited the 
sloughing of Elaphe taeniura by inhibiting the proliferation 
iv 
and differentiation of eel Is from the stratum germinativum. 
But T3 had no effect on the epidermal histology when the 
snakes were in the renewal phase. Cell proliferation and 
differentiation continued until the outer epidermal generation 
became mature and sloughing was observed. Therefore, the 
renewal phase of the sloughing cycle of El aphe taeniura 
occurred independently of TH. 
There was authentic 5•-deiodinating activity of T4 to T3 
(mostly the type I deiodinase) in various tissues of El aphe 
taeniura. This activity was mostly found in the pancreas, 
liver and kidney. The activity was inhibited by PTU, lOP, 
propranolol and salicylate and increased with substrate 
concentration, homogenate (protein) concentration and cofactor 
(DTE) concentration. Its optimum temperature was 37 ‘ C and 
optimum pH ranged from 6 to 8. The activity decreased in 
hypothyroidism and increased in hyperthyroidism. 
Plasma T3 and T4 levels measured by RIA in El aphe 
taeniura showed that there was seasonal variation, with the 
highest level in March and might become undetectable in 
September. Skin stages appeared to be correlated with plasma 
T3 and T4 levels, these in turn with 5'-deiodinating activity. 
Tx reduced both the plasma T3 and T4 levels of the animals. 
This provides circumstantial evidence of the inhibitory role 
of t3 (and TH) in sloughing. This also shows that thyroid 
gland is the main source of circulating TH. 
V 
List of abbreviations 
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oci ： a-layer of inner epidermal generation 
OLO : a-layer of outer epidermal generation 
Bi : fi-layer of inner epidermal generation 
Bo : fi-layer of outer epidermal generation 
d o : clear layer of outer epidermal generation 
IG : inner epidermal generation 
lo : lacunar tissue of outer epidermal generation 
mi : mesos layer of inner epidermal generation 
mo : mesos layer of outer epidermal generation 
Obi : Oberhautchen of inner epidermal generation 
OG : outer epidermal generation 
pcti : presumptive a-layer of inner epidermal generation 
pBi : presumptive B-layer of inner epidermal generation 
pmi : presumptive mesos layer of inner epidermal generation 
pObi : presumptive Oberhautchen of inner epidermal generation 
sg : stratum germinativum 
ANS : 8-ani1ino-1-naphtha1ene-sulfonic acid 
BSA : bovine serum albumin 
DTE : dithioerythritol 
DTT : dithiothreitol 
EDTA : ethylenediaminetetraacetate 
lOP : iopanoic acid 
HFS : hormone free serum 
Hx : hypophysectomy 
NRS : normal rabbit serum 
PEG : polyethyleneglycol 
PTU : propylthiouracil 
RIA : radioimmunoassay 
SF : sloughing frequency 
Tx : thyroidectomy 
TH : thyroid hormone 
T3 : 3, 5, 3‘-triiodothyronine 
T4 : thyroxine 
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INTRODUCTION 
Reptiles are the first vertebrates which could fully 
develop and live on land. In order to overcome the exposure to 
dry air of the body, the epidermis evolves to have thick 
keratin and 1 amel1ae-1ipid layers to avoid dessication of the 
organism (Maderson et aJ., 1978; Lillywhite and Maderson, 
1982; Landmann； 1986). In order to move properly on land by 
means of the body or the limbs, the skin of the animal must 
have a certain degree of overall flexibility. This adaptation 
leads to the formation of a complete body covering of horny 
scales or scutes (Maderson, 1965, 1984; Landmann, 1986). 
Joints between scales are the hinge regions where the horny 
material is thin and folded (Fig. 1) . This provides the 
integument with the flexibility necessary for the motility of 
body and limbs. Overlapping scales have an outer and an inner 
scale surface (Maderson, 1965； Lillywhite and Maderson； 1982). 
The outer scale surface is thick and stiffened by a strongly 
cornif ied epidermis (due to the thick fS-keratin) . The inner 
scale surface is thin because it has a single layer of 13-
keratin: the Oberhautchen. Fig. 1 shows a squamate skin 
section shortly before sloughing. The epidermis has undergone 
synchronous cell division and subsequent differentiation, 
resulting in the formation of a new epidermal generation 
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before sloughing. All these different eel Is arise from the 
homogeneous basal layer, the stratum germinativum (Maderson 
1965； Flaxman et al. , 1968; Landmann, 1979, 1986). When the 
squamate reptile sloughs, the outer epidermal generation is 
discarded and the subjacent immature inner epidermal 
generation then takes its place as the functional body 
surface. The tough reptilian horny layer provides physical 
protection for the living eel Is underneath and it is regularly 
renewed (sloughed) to replace the worn out tissues (Maderson, 
1965; Spearman, 1973; Lillywhite and Maderson, 1982; Landmann' 
1986; Landmann et al., 1981). 
What causes the periodic cellular changes and sloughing? 
Maderson et al. (1970) pointed out a relationship between the 
thyroid activity and sloughing of reptilian squamate. Chiu and 
Lynn (1970, 1971) and Chiu et al, (1983) confirmed the work of 
Schaeffer in 1933 that hypothyroid snakes (by thyroidectomy) 
have an increased sloughing frequency (SF) but this SF 
decreases in hyperthyroid animals (by exogenous injection of 
thyroid hormones), but the detail relation or involvement of 
the thyroid gland or hormones to the cellular changes and 
sloughing is unknown. It would be desirable e.g. to assess if 
there is any periodic changes in thyroid activity. 
Wong and Chiu (1979) indicated that hypophysectomy (Hx) 
decreases, and TSH increases, both in vi vo and in vitro 
2 
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Fig. 1 
Section of the skin and epidermis of a squamate 
reptile shortly before sloughing (modified from 
Hildebrand, 1988; abbreviations, see p. vi)• 
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thyroidal accumulation and uptake of radioiodine, and the 
amount of all label led substances in the thyroid gland of 
Elaphe taeniura. Bona Gallo et al. (1980) reported that the 
range of plasma thyroxine (T4) is 0.1 -1.5 yig/dl in the cobra, 
Naja na ja on seasonal basis by the method of RIA 
(radioimmunoassay). Chiu (1982) indicated that the plasma T4 
level is below 1 ug/dl in the sea snake, Hydrophis 
cyanocinctus and the rat snake, Ptyas korros. The thyroid 
hormone (TH) level in snakes is very low. It is not known if 
it could be possible to correlate the sloughing cycle of 
snakes to the plasma TH level. 
Kaplan and Utiger (1978) and Small ridge et al • (1982) 
reported an increase in the 5’-deiodinating activities (see 
literature review) in hyperthyroid rat liver and kidney 
homogenates and a decrease in hypothyroid animals. Kar and 
Chandola-Saklani (1985) reported that the 5’-deiodinating 
activity is also found in the lizard, Calotes versicolor. 
Could this 5‘-deiodinating activity be found outside the 
thyroid gland in snakes and use this as an indication of the 
thyroidal status of the animal? 
In order to examine the relation between the thyroid 
gland and the sloughing cycle of the striped racer, Elaphe 
taeniura, the strategy in the present study is (1) to study 
the epidermal cellular changes of Elaphe taeniura during the 
sloughing cycle, (2) to study the effect of Tx and T3 on the 
4 
sloughing cycle of Elaphe taeniura, (3) to study the 5'-
deiodinating activities of liver, kidney and pancreas tissue 
homogenates of Elaphe taeniura and see if it can be used as a 
reflection of the thyroidal status of the animals, and (4) to 
measure the plasma TH levels of Elaphe taeniura at different 
stages of the sloughing cycle in the hope to correlate the 
plasma TH level with the sloughing cycle. 
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Literature Review 
A . Historical background 
The periodic sloughing of lizards and snakes is a well 
known characteristic. Leydig (1873) first gave detailed 
histological report on reptilian skin, and Maurer (1892) was 
the first to suggest that periodic changes in the epidermis 
are associated with sloughing. Schmidt (1914) extended the 
study and described the histological features in more detail. 
A large number of studies has been accumulated during these 
early years and been reviewed by Lange (1931) . Rudall (1947), 
using X-ray diffraction, showed the presence of two distinct 
molecular types of keratin in the skin of snakes while 
Zimmermann and Pope (1948) discussed the relationship between 
skin-sloughing and the growth of the rattle in rattlesnakes. 
Many workers contributed a lot in describing the microscopic 
and histochemical changes in the epidermis during the 
sloughing cycle in the 1950’s (Bechtel, 1957; Goslar, 1958). 
New impetus came from the work of Maderson (1965) who was 
the first to give a detailed histological analysis of the 
squamate sloughing cycle. From that time on, the nomenclature 
of cellular layers of squamate epidermis is standardized and 
the sloughing cycle is arbitrarily divided into six stages 
(see below). Subsequent studies of other squamate reptiles 
(Maderson, 1966, 1967 ; Maderson and Licht, 1967； Flaxman et 
6 
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ai./ 1968; Lillywhite and Maderson, 1968; Maderson et al., 
1970) revealed further details of the structure of the 
epidermal generation. At the same time Spearman (1966, 1973) 
reviewed the keratinization process of vertebrates including 
repti1es. 
With the use of electron microscopic techniques, the 
ultrastructure of the epidermis was studied more clearly. 
Horstmann (1964) studied the nature of Oberhautchen surface 
structures in Natrix, Anolis, Saurodactylus and Phelsuma, 
Bryant et al, (1967) reported the ultrastructure of the 
resting stage in Lacerta and Roth and Jones (1967) in 
Constrictor. Roth and Jones (1970) discussed the renewal phase 
of Boa while Alexander and Parakkal (1969) and Maderson et al. 
(1972) on Anolis. Miscalencu and lonescu (1972) studied the 
stratum basale and Landmann (1979) and Landmann et al • (1981) 
studied the barrier mechanisms of Natrix. There were others 
who used scanning electron microscopic techniques to study the 
Oberhautchen surface texture in characterizing taxonomic 
groups and determining phy1ogeny (Dowling et al. , 1972; 
Burstein et al., 1974; Price, 1982; Peterson and Bezy, 1985). 
Irish et al. (1988) studied the surface structure of the 
epidermal layers beneath the Oberhautchen of a variety of 
lizard taxa and Steffen and Christophers (1990) studied the 
skin regeneration of Gekkonidae. 
7 
B . Histology on the epidermis of squamate reptile 
Fig. 1 shows a squamate skin section shortly before 
sloughing. When the squamate reptile sloughs, the outer 
epidermal generation is discarded which consists of six 
different cell layers: the Oberhautchen, 13-layer, mesos layer, 
a-layer, lacunar tissue and clear layer. The subjacent 
immature innei: epidermal generation then takes its place as 
the functional body surface. The epidermis consists then of 
Oberhautchen, fi-layer, mesos layer and a partially formed a-
layer above the stratum germinativum (Flaxman et al. , 1968; 
Landmamm, 1979, 1986; Irish et al., 1988). 
The basal layer (stratum germinativum) of the squamate 
epidermis has been shown to compose of a morphologically 
homogeneous cell population (Maderson, 1967； Maderson and 
Licht, 1967; Bryant et al,, 1967; Roth and Jones, 1967) which 
gives rise sequentially to different types of daughter cells, 
forming the complex "epidermal generation" which is 
regenerated and sloughed periodically (Maderson, 1965; Flaxman 
et al., 1968). 
The mature epidermal generation consists of six different 
cellular layers (see above). The superficial layer is the 
Oberhautchen which is one-celled thick. The surface of the 
Oberhautchen possesses special sculptures or spines (Hoge and 
Santos, 1953; Flaxman et al. , 1968; Ruibal, 1968； Gans and 
Baic, 1977； Peterson, 1984; Landmann, 1986; Irish, 1988) which 
8 
is used in taxonomy (Burstein et al. , 1974; Price, 1982; 
Peterson and Bezy, 1985). 
The second layer is the fi-layer which is chromophobic, 
acellular, and anuclear as the Oberhautchen (Flaxman et al., 
1968). Both the Oberhautchen and B-layer consist of 
homogeneous B-keratin (filaments of 30 A embedded in amorphous 
matrix) and contain no intercellular spaces between the two 
layers (Landmann, 1979). It is clear that they provide 
mechanical protection to the underlying cells. 
The mesos layer lying beneath the B-layer was first 
described by Roth and Jones (1967). It consists of two to 
several layers of very flattened eel Is which is very difficult 
to identify under light microscope. Electron microscopic 
studies (Landmann, 1979, 1980; Roberts and Lillywhite, 1980) 
show it contains phospholipid-1amel1ae in the intercellular 
space. These lipid lamellae are believed to contribute to the 
establishment of the permeability barrier. The mesos layer 
also shows a distinct a-keratin pattern (with 120 A filaments 
but without a surrounding matrix) which is different, from a-
keratin (for detail, see Landmann, 1979). 
Beneath the thin mesos layer is the a-layer which is 
chromophilic and composed of several layers of mature, flat 
anucleate cells (Maderson, 1965; Flaxman et al, 1968). The a-
layer consists of a-keratin (filaments of 100-150 A embedded 
in an amorphous matrix) and is highly resistant to physical 
and chemical influences (Landmann, 1979). 
9 
The lacunar tissue consists of one or more layers of 
flattened cells subjacent to the a-layer. These eel Is may be 
vacuolated and possess nuclei at the time of sloughing 
(Flaxman et al., 1968). The cells of the lacunar tissue 
contain 70 A filaments and do not keratinize (Landmann, 1979). 
The last stratum formed from the germinal layer is the 
clear layer which consists of a single layer of homogeneous, 
anucleate cells. The clear layer shows 120 A filaments without 
a surounding matrix (Landmann, 1979) . It has cytoplasmic 
processes that interdigitate with the spinules of the 
underlying Oberhautchen surface of the inner epidermal 
generation (Flaxman et al. , 1968) and is a perfect mold of the 
Oberhautchen surface (Irish et al., 1988). 
The epidermal cellular changes in reptilian sloughing 
cycle is divided in two phases, the resting phase and the 
renewal phase and consists of six stages (Fig. 2), namely 
stage 1 to stage 6 (Maderson, 1965; Maderson et al. , 1970; 
Landmann, 1979). Stage 1 belongs to the resting phase and the 
rest are the renewal phase. Stage 1 is the epidermal condition 
immediately after a slough and stage 6 is that of one shortly 
before a slough. The epidermis in stage 1 is "resting" and 
there would be intensive cellular proliferation and 
differentiation from stage 2 to 5 with the "cloudy eye” at 
stage 4 and "clearing" at stage 5. 




























































































































































































































































































































































































above are formed, finishing the build-up of the outer 
generation. In stage 2, the cells of the Oberhautchen of the 
inner generation arise from the stratum germinativum. Stage 3 
is defined by the emergence of the G—layer and stage 4 of the 
mesos layer. Towards the end of stage 4, the cells of stratum 
germinativum increase in height and become columnar as is 
characteristic in stage 5. The cells of the clear layer 
undergo final maturation during stage 5. By the end of stage 
6, all the components of the outer generation and 
Oberhautchen, B- and mesos layer of the inner generation are 
fully mature. The cells of the stratum germinativum become 
cuboidal again. The characteristics of this stage is the 
differentiation and keratinization of the most superficial 
cells of the a-layer (see reviews, Maderson, 1965; Maderson et 
ai. , 1970; Landmann, 1979). 
12 
C. The effects of thyroid hormone on the integument 
in the vertebrate 
Thyroid hormones (THs) exert a lot of effects on the 
morphology, physiology and general metabolism of various 
vertebrate species. The integument is a target of the TH. 
Fishes become silvery after TH treatment because of the 
deposition of guanine in the scales (Gorbman et al. , 1983). On 
the epidermis, a large dose of thyroxine has small effect but 
this results in a considerably thickened dermis. The plasma TH 
level in fish is found to be very low: in most cases less than 
0.5 ug/dl of T4 (Higgs and Eales, 1973; Biddiscombe and Idler, 
1983; Ueda et al., 1984; Leatherland et al., 1989; McCormick 
and Saunders, 1990) and T3 is less than 0.1 yg/dl (Leatherland 
et al. , 1989; McCormick and Saunders, 1990). 
In amphibians, THs play a role on the integument. In 
1932, Adams et al. found that in urodeles, the thyroid gland 
is indispensable for molting and for survival. THs restore 
molting in Hx and Tx animals. Dent et al. (1973) showed that 
prolactin cooperates with THs increase in the regulation of 
molting and proliferation of the skin. Hoffman and Dent (1977) 
have also shown that THs increase the mean mitotic index of 
intact newt skin whereas Tx decreases the mitotic activity. 
Molting control in anurans is different: RosenkiIde 
(1982) reported that THs do not restore molting in Hx toads 
and Tx appears to increase the length of the intermolt period. 
13 
Nishikawa et al. (1989) reported that T3 induces 
keratinization of the epidermal cells in the anuran tadpole 
tail. The plasma T4 level of amphibian ranges from 0.3-1.3 
lig/dl (Packard et al•, 1976; Rosenkilde and Jorgensen, 1977; 
Mondou and Kaltenbach., 1979; Suzuki and Suzuki, 1981; 
Liversage et al. , 1988) . Most of the reports discuss about the 
relationship between TH level and metamorphosis or seasonal 
changes of TH. 
The thyroid gland has long been implicated in skin-
sloughing in squamates. In the lizard, Chiu (1982) reported 
that Tx or hypothyroid state rendered by e.g. Hx, decreases 
the SF of the tokay, Gekko gecko, while T4 injection in both 
intact and Tx animals increases it. Chiu et al. (1986) further 
showed that the effect of THs on SF is indirect through 
general metabolic changes. SF is merely a reflection of the 
general metabolic status of the anima,! . Chandola-Saklani and 
Kar (1990) reported that the effect of T4 on scale sloughing 
in the garden lizard, Calotes versicolor is greater than that 
of T3 but the effect on oxygen consumption rate is the 
reverse. By using iopanoic acid (lOP) to inhibit the 
peripheral conversion of T4 to T3, they suggested that all 
effects of T4 in lizards need not necessarily be mediated via 
conversion to T3. 
Schaeffer (1933) reported that the sloughing frequency 
(SF) of the water snake Thamnophis sirtalis and T. radix is 
14 
increased following Tx or Hx. Maderson and Licht (1967) showed 
that the length of the resting phase in reptilian squamate is 
under hormonal control. The in vitro experiment (Flaxman et 
aJ., 1968) using lizard epidermis showed that actual control 
of the cell differentiation resides entirely within the 
epidermis. Chiu and Lynn (1970) confirmed S c h a e f f e r w o r k by 
Tx and adminstration of thyroxine (T4) into the snake, 
Chionactis occipitalis. Tx increases the SF and the injection 
of T4 prevents sloughing in both intact and Tx animals. The 
resting phase of the sloughing cycle is greatly reduced in 
length in Tx animals and it is the only phase seen in T4-
treated animals. In a further study, Chiu and Lynn (1971) 
showed that the length of the resting phase is dependent on 
the circulating of T3 or T4 in the snake whereas that of the 
renewal phase is not. Chiu et al. (1983) further showed that 
Tx snakes {Ptyas korros) not only increase SFs but also lose 
weight and eventually die. They concluded that snake sloughing 
is directly control led by the circulating TH level, and is 
therefore different from that in the lizard where THs 
influence sloughing via general metabolic status of the 
animal. 
In birds, the process of molting constitutes the 
synthesis of new feathers and the loss of the old plumage. 
This usually acts synergistically or separately with the sex 
steroids and adrenal steroids (Gorbman et al, 1983). Tx 
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inhibits molt (Thapliyal and Pandha, 1967; Pati and Pathak, 
1986) while T4 injection can induce feather generation (Pati 
and Pathak, 1986) and molt (Himeno and Tanabe, 1957; Sekimoto 
et al,, 1987). Molts are usually preceded or accompanied by 
increased plasma T4 level (Jallageas et al., 1978; John and 
George, 1978; Pathak and Chandola, 1983; Groscolars and 
Leloup, 1986; Hoshino et al., 1988) while plasma T3 increases 
parallel to the increase of oxgen consumption rate, heat 
production and maximum daily body weight loss (Chandola et 
a h , 1982; Groscolas and Leloup, 1986) • Chandola et al • (1982) 
reported that effects of T4 on feather regeneration need not 
necessarily be brought about through its deiodination to T3. 
These reports indicate clearly that T4 exerts its effect on 
molting and T3 exerts its effect on metabolism in birds. The 
reported plasma T4 level of these birds ranges from 0.2 to 1.5 
ug/dl and plasma T3 level ranges from 0.1 to 0.2 ug/dl. 
In mamma1s, hypothyroidism results in thinner hair coat 
and the individual hairs are more coarse and brittle than 
normal. The rate of hair growth in hypothyroid animals is 
slower and faster in hyperthyroid animals (Gorbman et al., 
1983). In male European badgers (Maurel et al., 1987), male 
mink (Boissin—Agasse et al. , 1981) and red fox (Maurel and 
Boissin, 1981) both the start of molt and the period of 
maximum hair growth coincide with high T4 levels and low 
testosterone level. In Tx badgers, neither hair growth nor 
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seasonal molt is observed (Maurel et al, , 1987). In harbor 
seal (Riviere et al, , 1977), ‘cessation of hair growth is 
marked by a decrease in thyroxine and increase in Cortisol and 
hair growth resumes when thyroxine increases and Cortisol 
returns to a base level. The plasma T4 level of these animals 
ranges from 1 to 2.5 ug/dl but Tsukahara et al, (1990) 
reported that in the male house musk shrew, the serum T4 
concentration reaches 132.9 nmol/1 (8.65 ug/dl) but the serum 
T3 concentration is only 0.6 nmol/1 (0.039 ug/dl). No evidence 
has been found that T3 is related to hair molt in mammals. 
In human skin, the signs of hypothyroidism are dry, cold 
and often scaly. The hair changes in the texture, resulting in 
coarse brittle hair that falls off easily on brushing, the 
myxedema is indicative of severe chronic, untreated 
hypothyroidism characterized by accummulation of 
mucoproteinaceous material in various body spaces, 
particularly in the subcutanceous tissue, resulting in edema. 
The skin of hyperthyroid patients is soft, smooth, warm and 
moist. The hair is often thin and brittle, usually localized 
but occasionally resulting in severe loss and even baldness. 
Generalized hyperpigmentation may be evident. The plasma 
concentration of T4 in normal human is about 106 nmol/1 (8 
ug/dl) and 1.82 nmol/1 (0.12 ug/dl) for T3 (Rabin and Mckenna, 
1982; Gorbman et al., 1983; Ingbar, 1985; Hesch and Koehrle, 
1986; McKenzie and Zakarija, 1989; Utiger, 1989; Greenspan, 
1991). 
17 
D. Extrathyroidal conversion of T4 to T3 
Pitt—Rivers et al, (1955).were the first to describe a 
possible extrathyroidal conversion of T4 to T3. Not until 
1969, however, Braverman et al. (1970) were able to confirm 
these early results. It is believed that T4 is a prohormone 
which must be converted to T3 in order to perform its 
thyromimetic activities (Chopra et al., 1973; Ingbar and 
Braverman, 1975; Larsen et al., 1980). The secretion of 
thyroid gland is mainly T4 and up to 80% of the circulating T3 
is produced extrathyroidally by enzymatic 5'-deiodination 
(5'D) of the outer ring (phenolic ring) of T4. This is an 
activating pathway; the deactivating deiodination is on the 
inner ring (tyrosyl ring) , 5-deiodination (5D) of T4 to 
inactive reverse-T3 (rT3). These deiodination reactions occur 
in sequence, so that a progression of less fully iodinated 
thyronines is generated. Ultimately iodothyronines lose their 
iodine, leaving for excretion in the urine the iodine-free 
thyronine ring and its metabolites, (reviews, Ingbar, 1985; 
Hesch and Koehrle, 1986; Koehrle et al., 1987). 
From mammalian deiodination studies, primarily in rats, 
there are described at least three pathways (enzyme systems) 
characterized by the position of substrate deiodination, 
substrate specificity, susceptibility to inhibition, kinetic 
characteristics, and the destination of the T3 produced. All 
three pathways are sulfhydryl-requiring reduction reactions, 
18 
defined by their biochemical characteristics and are inhibited 
by iopanoic acid (lOP). (see reviews, Ingbar, 1985; Hesch and 
i 
Koehrle, 1986; Koehrle et al. , 1987 ； McNabb and Freeman, 
1990). 
Type I deiodinase is located in liver and kidney, has a 
high apparent Km (1-5 uM) and a high Vmax for T4, substrate 
preference is rT3>T4>T3, and it is noncompetitive!y inhibited 
by propylthiouracil (PTU). Its activity is decreased in 
hypothyroidism but increased in hyperthyroidism. It converts 
T4 to the active form T3 by 5 丨D or converts T4 to the inactive 
form rT3 by 5D. Type I deiodination proceeds by a "ping-pong" 
process in which hydrogen from an -SH group on the enzyme is 
first substituted for an iodine at the 5‘ position of the T4 
molecule, with the formation of a sulfenyl iodide group within 
the enzyme. This is then reduced, and the enzyme is 
reactivated by glutathione (GSH). PTU inhibits the enzyme by 
reacting with the sulfenyl iodide group to form a mixed 
disulfide. In vitro type I deiodinating activities are highest 
in rat liver and kidney of all extrathyroidal organs, from 
which it has been inferred that these organs are the main 
sites for the production of circulating T3. 
Type II deiodinase localizes in the pituitary, brain and 
brown adipose tissue (BAT), has a relatively low Km (<10 nM) 
and a low Vmax for T4, substrate preference is T4 > rT3' 
and is insensitive to PTU. It increases its activity in 
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hypothyroidism but the reverse is true in hyperthyroidism. 
This is to protect the central nervous requirements for T3 • It 
is a "true" 5,D which prefers T4 as substrate to produce T3. 
Type II deiodination proceeds by a sequential process that 
does not require generation of a sulfenyl iodide group, 
accounting for its insensitivity to PTU. The T3 produced by 
type II deiodination is mainly for local tissue use. 
Type III deiodinase is the least studied pathway which is 
of brain, placenta and skin origin, has a moderate Km (50nM), 
prefers T3>T4 as substrate, is insensitive to PTU, and is a 5D 
which acts on the inner ring only. It reduces its activity in 
hypothyroidism and proceeds also by a sequential process (see 
reviews, Ingbar, 1985; Hesch and Koehrle, 1986; Koehrle et 
al., 1987; Kaplan et al., 1988; McNabb and Freeman, 1990). 
There are various reports of deiodinating activity in 
other vertebrate classes especially in birds. For reptiles, 
there is only one study of in vivo T4 degradation (Kar and 
Chandola-Saklani, 1985). 
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Experiment 1. The study of epidermal cellular changes and the 
effect of Tx on the sloughing cycle of Elaphe 
taeniura 
Introduction 
In 1965, Maderson reported on the epidermal histological 
changes during the sloughing cycle of the colubrid snake, 
Elaphe taeniura and eight other species. From that time on, 
the nomenclature of the epidermal cellular layers is 
standardized. Subsequent studies of other squamate reptiles 
(Maderson, 1966, 1967; Plaxman et al. , 1968; Maderson et al., 
1970) revealed further details of the structure of the 
epidermal generation. For example Roth and Jones (1967) was 
the first to report the presence of mesos layer beneath the B-
layer. Therefore, the original interpretation of the cellular 
layers in Elaphe taeniura was more or less "incorrect", and 
required modification. 
Chiu and Lynn (1970) reported that the cycle length of 
intact shovel-nosed snake, Chionactis occipitalis is about 30 
days but the Tx snake is about 10 days. In another report on 
rat snake' Ptyas korros, Chiu et al. (1983) showed that the 
cycle length is about 34 days in intact animals and about 20 
days in Tx animals. What is the normal cycle of El aphe 
taeniura and what would be the effect of Tx on it? 
The present experiment is to study the epidermal cellular 
changes during the sloughing cycle of Elaphe taeniura so as to 
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compare with the earlier report by Maderson in 1965 and also 
the effects of thyroidectomy (Tx) on these changes during the 
sloughing cycle of the snake. 
Materials and Methods 
In April 1989, twenty two mature male striped racer 
snakes (Elaphe taeniura) were purchased and kept in ten cages 
containing two to three animals each in the animal house. The 
room temperature was about 20 to 25。C and with a 12-hour 
photoperiod. The animals were provided with water but were not 
fed. They were divided into two groups: (a) normal intact (11 
snakes) and (b) Tx animals (11 snakes) . Tx was performed under 
anesthesia with a single intraperitoneal (ip) injection of 
2.5% tribromoethanol (Merck) at 0.5 ml per 100 g body weight. 
A longitudinal incision was made in the ventral surface 
anterior to the heart to expose the thyroid gland. The thyroid 
gland was removed, and the incision was then closed and 
covered with masking tape. The wound usually healed within ten 
days. Scale biopsies were taken at the beginning of the 
experiment foil owing operation and subsequent 1y once a week in 
intact animals but on alternate days in the Tx animals from 
the lateral side. The samples were fixed in Bouin‘s fluid for 
subsequent histological preparations (see below). All animals 
were weighed on alternate weeks. Daily observations (about 12 
weeks in intact animals and about 8 weeks in Tx animals and 
22 
then they were injected with various amount of T3, see below) 
were made to check if sloughing occurred. Since the operated 
(Tx) animals seldom cast off their old skin, sloughing cycles 
and/or cycle lengths were also determined by observing the 
occurrence of the "cloudy eye phase" in intact and operated 
animals and with reference to the epidermal histological 
changes in the Tx animals. 
After two normal cycles were obtained in intact animals 
(group a), they were too thyroidectomized. All these and 
surviving Tx snakes (group b) were then intraperitoneal 1y 
injected with 0 to 16 ug of T3 dissolved in vehicle on 
alternate days to decide the minimal concentration of T3 
which was effective to inhibit sloughing of these snakes. The 
vehicle used was NaOH solution: a minimal volume of alkali was 
used to dissolve the amount of T3 for injection. It was 0.05 
ml 0.1 M NaOH solution/100 g body weight of the animal. 
Histological preparations of scale samples 
The scale samples were dehydrated through the upgrading 
series of ethanol and clearing with xylene. Then, paraffin 
(paraplast, melting point 56-57"C) was used in infiltration 
and embedding. The blocks were trimmed and were sectioned 
using microtome (Zeiss) to 7 u thickness. These sections after 
adhering onto cleaned microscopic si ides (by cleaning solution 
for two hours or more), were deparaffinized with xylene and 
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gradually hydrated with descending series of ethanol . They 
were then stained with Mayer's haematoxy 1 in and counterstained 
with eosin. The si ides were dehydrated and cleared. After 
mounting with Canada balsam, they were ready for light 
microscopic observation (For detail, see Fig. 1-1). 
Photomicrographs were taken with a Nikon UFX microscope 
equipped with a Nikon FX-35 camera. 
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Fixation scale sample in Bouin's fluid 
I 
Dehydration 70% alcohol (1 hour) 
85% alcohol (1 hour) 
95% alcohol (1 hour) 
100% alcohol (30 min) 
100% alcohol (30 min) 
100% alcohol (30 min) 
I 
Clearing xylene:alcohol, 1:1 (30 min) 
xylene (30 min) 
xylene (30 min) 
I 
Infiltration paraffin at 56'C (1 hr) 
paraffin at 56'C (1 hr) 
i 
Embedding paraffin (cool down and trim) 
I 
Sectioning at 7-10 ]i thickness 
I 
Mounting on cleaned slides and dried on 
warm plate overnight 
I 
Deparaffinization xylene (5 min) 
xylene (5 min) 
xylene:alcohol, 1:1 (2 min) 
i 
Hydration 100% alcohol (3 min) 
95% alcohol (2 min) 
85% alcohol (2 min) 
70% alcohol (2 min) 
30% alcohol (2 min) 
rinse in water (5 min) 
i 
Staining Mayer's haematoxylin (5 min) 
I 
Differentiation wash in tap water (10 min) 
I 
Counter-staining Eosin (1 min) 
i 
Dehyration 95% alcohol (several dips) 
100% alcohol (2 min) 
100% alcohol (2 min) 
I 
Clearing xylene:alcohol, 1:1 (2 min) 
xylene (2 min) 
xylene (2 min) 
i 
Mounting Canada Balsam (dried on warm plate 
overnight) 
Fig. 1-1 
Procedure for the histological preparation 
of the scale sample 
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Results 
(A) General observations 
One of the intact snakes (group a) did not slough and 
two of the snakes sloughed only once during the experiment of 
90 days. Therefore no sloughing cycle were recorded in these 
snakes. The body colour of the snakes was brightest in the 
resting stage. The body colour of the snakes appeared dull at 
stage 4 and the spectacles over the eyes were almost opaque 
(Fig. 1-2) and the animals were usually inactive and 
quiescent. The body colour became less dull and the spectacles 
were completely clear at stage 5. Sloughing occurred about 1 
week after the disappearance of the cloudiness of the 
spectacle. The intact animals usually sloughed the outer 
keratinized materials (outer epidermal generation) of the 
epidermis completely. 
One of the Tx animals (group b) did not show cloudiness 
of the spectacle and three had cloudy eye only once and they 
died before the end of the experiment (about 60 days). The Tx 
animals did not slough and several layers of mature 
keratinized materials of different epidermal generations of 
previous cycles could be found in one skin section (Fig. 1-3). 
The body colour of the Tx animals was always dull after Tx and 
they became inactive, dull and weaker than the intact animals 
(group a). 
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(B) Epidermal histology 
Epidermal changes in intact animals were similar to those 
described for the rat snake, Ptyas korros (Maderson et al., 
1970). Changes in the histology of the epidermis during the 
sloughing cycle of Elaphe taeniura are illustrated in the 
following photomicrographs (Fig. 1-4 to Fig. 1-11). 
The skin section (Fig. 1-4) illustrates the perfect 
resting condition (stage 1). This stage occurred immediately 
after a slough. The epidermis consisted of one-celled thick 
Oberhautchen, chromophobic fi-layer, very flattened mesos 
layer, brightly stained a-layer, two layers of presumptive 
lacunar cells to constitute the outer epidermal generation and 
the cuboidal basal layer, stratum germinativum which gave rise 
to all the above cellular layers. 
Oberhautchen which appeared as a dark line in light 
microscope, lay above the B-layer. The B-layer was the only 
keratinized material impregnated with melanin granules. Both 
the Oberhautchen and B-layer contained homogeneous Q-keratin 
(feather type) which was chromophobic and refracted light. 
They lost their nuclei and became acellular during maturation. 
The mesos layer lay beneath the B-layer. This was 
composed of several layers of very thin, acellular mesos eel Is 
which were chromophobic. Because they were so flattened that 
they were not easily seen under light microscope and seemed to 
stain light pink above the a-layer (Fig. 1-4) . There was no 
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strict boundary between the mesos layer and the subjacent a-
layer. These two layers were composed of a-keratin (hair 
type)• 
The a-layer stained bright red with eosin and was 
composed of several layers of flat anucleate cells. Beneath 
the a-layer was the lacunar tissue which contained one or more 
layers of eel Is that might appear vacuolated. It was the only-
layer that the eel Is might possess nuclei at the time of 
sloughing. Their features were similar to the immature ot-cells 
and they could only be easily identified after the 
differentiation of clear layer from the stratum germinativum 
(see Fig. 1-5). The clear layer was the last cellular layer 
formed and the outer epidermal generation was then completed. 
It was a single layer of rectangular cells. This final 
maturation of the outer epidermal generation took pi ace at 
late stage 1 and was the onset of stage 2. 
Fig. 1-5 shows the epidermal histology at stage 2. The 
stratum germinativum started to proliferate and formed the 
Oberhautchen which consisted of one layer of cells. The eel Is 
of the Oberhautchen were ovoid. This and the subsequent layers 
of eel Is formed as a result of the proliferative activity of 
the stratum germinativum constituted the structural component 
of inner epidermal generation and therefore the epidermis now 
consisted of two generations, topographically the outer and 
inner epidermal generation. The Q- and a-layers of the outer 
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epidermal generation were unchanged in their appearance. 
Numerous cells undergoing mitosis were visible in the stratum 
germinativum at this stage. 
Fig. 1-6 is the skin section showing stage 3 epidermal 
condition. Three to four layers of living eel Is were present 
beneath the Oberhautchen, comprising the presumptive fl-layer 
of the inner epidermal generation and it was deeply stained. 
This presumptive fl-layer was also characterized by the 
presence of melanin in the intercellular space (see Fig. 1-7). 
The most superficial eel Is of this presumptive fl-layer began 
to keratinize and became flattened. The histological 
appearance of the B- and a-layers in the outer epidermal 
generation were unchanged. The cytoplasm of the lacunar tissue 
and the clear layer no longer took stain and the superficial 
eel Is of the lacunar tissue began to flatten. The clear layer 
of the outer epidermal generation was represented at this 
stage by a line of nuclei lying in vacuoles. The eel Is of the 
Oberhautchen became rectangular and chromophobic. 
Fig. 1-7 shows a stage 4 condition of the epidermis. At 
this time, the body "colour" was at its dullest. The spectacle 
over the eye was white. The 13- and the upper portion of the a-
layer of the outer epidermal generation were also unchanged. 
There were still living eel Is (intact eel Is with compressed 
nuclei) found above the lacunar tissue. These living eel Is 
were probably the uppermost layer of the lacunar tissue. The 
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other part of the lacunar tissue showed some signs of 
degeneration and vacuoles were formed in its cells. The 
characteristics of this stage were the differentiation of the 
mesos layer and the keratinization of the presumptive B - U y e r 
of the inner epidermal generation. The mesos layer contained 
several layers of mesos cells which stained pink as a-cells 
and was misunderstood as a-cells in the early report 
(Maderson, 1965). The mesos cells became laminated and 
chromophobic at the end of stage 4. The cells of the fl-layer 
became more flattened and stained more deep red in this stage. 
The nuclei of these a-eel Is became pycnotic. Sculpturings 
occured in the cells of Oberhautchen due to the split of 
cells. At the end of this stage the cells of the stratum 
germinativum became columnar, gave a swollen appearance and 
took up less stain. 
Fig. 1-8 shows the histological appearance of stage 5 
condition. The presumptive B-layer of the inner epidermal 
generation were finally matured and composed of 8 or more 
layers of flattened, relatively chromophobic cells. The 
presumptive B-layer "fused" with the overlying Oberhautchen 
and showed splitting of I3-cells (due perhaps to fixation and 
sectioning, an artifact) in this final stage of maturation. 
The mesos layer showed more laminated appearance and pycnotic 
nuclei were found. The characteristic of this stage was the 
proliferation of three to four layers of a-cells from the 
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stratum germinativum. The superficial a-cells would 
differentiate into the immature a-layer in stage 6. The eel Is 
of the stratum germinativum were still columnar, chromophobic 
and with oblique orientation till early stage 6. 
Fig. 1-9 illustrates the skin section at stage 6 
condition. The epidermis had 2 identical layers of keratinized 
materials. The Q- and a-layers of the old, outer epidermal 
generation and another set of fi- and presumptive a-layers of 
the new, inner epidermal generation. The characteristic of 
this stage was the keratinization of the most superficial 
eel Is of the presumptive a-layer. At time of sloughing, the 
outer epidermal generation would be lost from the body and the 
inner generation, came to lie and assumed as the functional, 
body surface. It consisted of a mature Oberhautchen, S-layer, 
mesos layer, a partial 1y mature a-layer and several layers of 
living cells. This was identical to the epidermal structure of 
stage 1. 
(C) Sloughing behaviour 
Tx animals showed shorter sloughing cycles of about 16 
days compared with those of the intact animals (Table 1-1). 
Three Tx snakes died after one sloughing cycle was obtained 
and the surviving Tx animals ( only 3) were injected with 
various amount of T3 • No second cycle was obtained in these 
snakes. 
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With reference to the epidermal development in the 
sloughing cycle, if Tx was done before stage 2 or the resting 
phase (stage 1), the snake would take about 30 days for it to 
have the next slough (i. e. first slough following Tx). In the 
more advanced skin stage (e, g. stage 2) at the time of the 
operation, less time was required to complete the next slough 
or the on-going sloughing cycle (Table 1-2). 
The intact animals sloughed very infrequently with very 
variable cycle lengths (from 36 to 72 days, with a mean 49.5 
days in the first cycle) and the lengths became shorter (from 
21 to 42 days, with a mean 33.2 days in the second cycle) 
during the experiment. From the epidermal histology, the 
length of the resting phase of the first cycle was about 36 
days (36.0 土 3.4 days, n=8), and the renewal phase was about 
2 weeks which was much similar to the cycle lengths of the Tx 
animals (group b) (Table 1-1). The resting phase of the 
following cycles of intact animals became shorter and the 
sloughing cycles were reduced. 
(D) Effect of Tx on El aphe taeniura 
Tx snakes (group b) were always inactive, dull in body 
colour and with high mortality. Only 3 of the 11 Tx snakes 
survived after 60 days (Table 1-3) but 9 of the 11 intact 
animals survived well throughout this period. The cause of 
death was unknown, but weight-loss calculations indicated that 
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intact animals could tolerate a greater reduction in body 
weight (up to 26%) while Tx animals died when the figure 
reached 22.5 ± 2.3% (n=6). 
In the epidermal histology, there was no resting phase 
found in Tx animals except in the first sloughing cycle after 
Tx. The histological changes of the epidermis was very similar 
to the normal intact except that no stage 1 or "resting" phase 
was found. The stratum germinativum proliferated intensively 
all the time (Fig. 1-10) and the derived cells differentiated 
into the cellular layers reported above. There was always some 
materials which stained pink in the lacunar tissue (Fig. 1-
11). These pink materials were not found in normal intact 
animals. According to the staining characteristics, these 
materials would probably be some mucoproteins secreted by the 
Tx animals. The body of the animals looked dull with the 
accumulation of keratinized materials (Fig. l-2b). 
Table 1-4 shows data on the surviving animals, Tx snakes 
(group b) and intact snakes (group a) after Tx, injected with 
various amount of T3 at the end of their treatment. It was 
found that the lowest amount of exogenous T3 able to. inhibit 
sloughing of El aphe taeni ura was 3 ug of T3 per 100 g body 
weight of the animals on alternate day injections. 
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Discussion 
The epidermal histology of Elaphe taeniura during the 
sloughing cycle was well documented by Maderson in 1965 and 
this study re-affirms the changes though some of the detail 
of the cellular layers require modification and the 
interpretation thereof in the light of recent findings. Thus, 
the mesos layer was misunderstood as the a-layer at that time. 
In general, before sloughing (stage 6), the outer epidermal 
generation consists of six layers: Oberhautchen, fi-layer, 
mesos layer, a-layer, lacunar tissue and clear layer. There 
lies interior to it, the inner epidermal generation, 
consisting of varying number of these layers. These layers are 
differentiated sequentially from the stratum germinativum and 
mature before sloughing. Their appearance and differentiation 
indicate the characteristics of each epidermal stage 
(Maderson, 1965； Maderson, 1966; Maderson et al. , 1970; 
Landmann, 1979). After sloughing (early stage 1), the inner 
epidermal generation consists of the Oberhautchen, 3-layer, 
thin mesos layer and the partial 1y mature a-layer, and becomes 
the functional outer epidermal generation. 
In the perfect resting stage (stage 1) little cell 
proliferation is found. The duration of the resting stage 
largely determines the length of the sloughing cycle 
(Maderson et al, , 1970; Chiu and Lynn, 1970, 1971; Chiu et 
al. , 1983) . In normal untreated snakes (group a), the 
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sloughing cycle of the animals had a variable cycle length 
from 36 to 72 days (with a mean of 49.5 days) in the first 
cycle. In Tx snakes, the cycle length of the first cycle was 
from 14 to 17 days (with a mean of 15.6 days) . Thus the 
cycle length in Tx animals (group b) is shorter and the 
variation is smaller. This confirms S h a e f f e r w o r k on 
surgical removal of the thyroid gland and the sloughing cycle 
in 1933, Chiu and Lynn's work in 1970 and 1971 and Chiu et 
ai.'s work in 1983. 
In the epidermal histology, Tx snakes (group b) show no 
resting phase epidermal condition. The stratum germinativum 
proliferates intensively and the eel Is differentiate 
sequentially into the various layers and the epidermal 
histology therefore is always in stages 2 to 6 as described in 
the normal snakes (group a) . The in vitro study with lizard 
epidermis by Flaxman et al. (1968) reported that cell 
differentiation resides entirely within the epidermis and Chiu 
et al. (1983) reported that in snakes, THs act directly on the 
epidermis to inhibit sloughing. Therefore, the Tx snakes 
(group b) reduces their cycle length as the result qf no THs 
or the level of THs if present is low. The reduction in TH 
level causes the stratum germinativum to proliferate 
intensively (renewal phase) and subsequent keratinization of 
the proliferated eel Is to form the outer epidermal generation 
and partial inner epidermal generation. Therefore no resting 
35 
phase was found in Tx snakes (group b) • Tx seems not to affect 
the sequence of cellular differentiation but increases the SF 
due to shortening or deleting resting phase in the snakes. 
Further data to support a role of the thyroid gland in 
sloughing in Elaphe taeniura will be presented in later 
experiments 3 and 4. In the present experiment, no sloughing 
cycle has been recorded in three Tx animals . This might be due 
to unsuccessful operation or the animals had extra-thyroidal 
tissues which interfered the result. 
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Table 1-1. 
The sloughing cycle of normal and Tx Elaphe taeniura 
Length of cycles in days 
Treatment 
1st 2nd 
Normal intact *49.5±5.3 (8) 33.2±1.9 (5) 
Tx 15.6±0.5 (7) -
Figures in parentheses refer to number of animals 
which sloughed. 
*Mean±SEM. 
-no slough was recorded. 
37 
Table 1 - 2 . 
Effects of Tx at different stages of epidermal 
development 
No. of days required to reach 
Skin stage at 
time of Tx 
Stage 4, cloudy Stage late 5 or 6, 
spectacle clear spectacle 
early 1 (4) 21.0±0.8* 28.5±0.7 
1 (3) 2CK5±0.6 26.8±0.3 
2 (1) 5 8 
4 (1) 0 1 





Survival and changes in body weight of Elaphe taeniura 
after treatment 
Initial Days after experiment began 
Treatment body weight 
(g) “ 
20 40 60 80 
Intact 535.5±40.1* 5.7** 12.7 21.5 25.1 
(11) (11) (11) (11) (9) 
Tx 480.9±44.2 5.8 11.1 19.5 21.1 
(11) (11) (11) (7) (3) 
Figures in parentheses refer to number of surviving 
animals. 
*Mean ± SEM. 




Effects of various amount of T3 injection on Tx El aphe 
taeniura 
Cycle lengths in days 
T3 
(ug/100 g b. w.) “ 
1st 2nd 3rd 
16 (1)* -
8 ( 2 ) - - -
4 (2) - - -
3 (2) - - -
2 (1) 14 12 15 
Figures in parentheses indicate the number of animals 
used for injection. 
*The animal died after 3 injections, 
-no slough was recorded. 
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(a) 
The snake is in a "perfect resting stage". The 
colour of the skin is bright and the spectacle 
is clear. 
(b) 
The skin section shows that the snake is at 
stage 4 in the epidermal histology. The skin is 
the dullest and the spectacle of the eye is 
white. 
(c) 
The skin section shows that the snake is at 
early stage 5 epidermal condition. The skin is 
less dull and the spectacle of the eye is 
"clearing". 
Fig. 1-2 
Photographs showing the skin colours and spectacles 
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Fig. 1-3 
Skin section of thyroidectomized Elaphe taeniura 
showing the piling-up of unsloughed layers of outer 
epidermal generation (OG). The space between the 
layers is an artifact of histological preparation. 
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Stage 1. The characteristic feature is that there 
IS onli^ one generation of cells (OG) in the 
e p i d e r m i s . The space between Bo and ao is an 
， r t I f a c t of h i s t o l o g i c a l p r e p a r a t i o n 
(abbreviations, see p. vi)• 
Fig. 1 - 5 . 
Late stage 2. The epidermis now consists of two 
generations of cells; an OG and an IG. The IG is 
represented by the Obi. The Bo of the OG is lost 
due to histological preparation. 
43 
fft" ‘ r . . . , ,】‘〜:..,〜.，--,...、 
I . • ‘ 
•llil III B o 
IP" . — m o - . .,?、.. 
Fig. 1-6. 
Stage 3. This stage is characterized by the 
presence of several layers of eel Is of the 
presumptive B-layer (pBi) of the inner epidermal 
generation (IG). 
Fig. 1-7. 
Stage 4. The eel Is of the presumptive B-layer (pfii) 
undergo keratinization and the nuclei of these 
eel Is disintegrate. Several cell layers of the 
presumptive mesos layer (pmi) appear at this stage. 
The Go, mo and part of the ao of the OG are lost 
due to histological preparation. 
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Fig. 1-8. 
Early stage 5. Three to four layers of cells of the 
presumptive a-layer (pai) are present. 
Keratinization of cells of the fi-layer (fii) 
continue. The OG and part of the Bi of the IG are 
lost during histological preparation. • 
Fig. 1-9. 
Early stage 6. Two layers of 13- and a-layers are 
present. The upper pai undergo keratinization. The 
sg are still columnar and chromophobic. When 
sloughing takes place, the inner generation 
resembles Fig. 1-4 exactly. The whole OG is lost 
due to histological preparation. 
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Fig. 1-10. 
Epidermal histology of Tx Elaphe taeniura showing 
an early stage 4 condition. The stratum 
germinativum proliferates intensively (note mitotic 
condition in some eel Is) and the outer epidermal 
generation remains on the outside of the first 
inner epidermal generation (IG-1). The cellular 
differentiation is similar to the normal intact and 
the uppermost lacunar tissue is still intact. 
• 
Fig. 1-11. 
The epidermis of Tx Elaphe taeniura showing the 
presence of red staining materials in the lacunar 
tissue. 
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Experiment 2. To study the extrathyroidal conversion of T4 to 
T3 {5'D activities) of El aphe taeniura 
Introduction 
In mammals, thyroxine (T4) is the major secretion of the 
thyroid gland and T4 must be converted to 3, 5, 3,_ 
triiodothyronine (T3) in order to express its thyromimetic 
action (Chopra et al,, 1973; Ingbar and Braverman, 1975; 
Larsen et al. , 1980; Escobar et al, , 1981; Kaplan et al,, 
1988; Visser et al. , 1988). Pitt-Rivers et al. (1955) first 
reported that there are extrathyroidal conversions of T4 to T3 
(51-deiodinating activities) in the human body and this was 
proved by Braverman et al, in 1970. 
In the rat, about 70% of the total circulating T3 
originates extrathyroidal1y from the liver, 17% from the 
kidney, 4% from the muscle and 7% from the heart (Hesch and 
Koehrle, 1986) . Therefore, the liver and the kidney are the 
major sites of extrathyroidal T3 sources in mammals. Kar and 
Chandola-Saklani (1985) first described such activity in 
lizards. 
In view of the functional implication of the thyroid 
gland and sloughing, the present study is to find out if there 
are extrathyroidal conversions of T4 to T3 in snakes, and if 
so, the conversion rate in different tissues. 
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Materials and Methods 
(1) Homogenate preparation 
In July 1989, six male striped racer snakes {Elaphe 
taeniura) were purchased and sacrificed by decapitation. 13 
tissues were taken for the study of the conversion of T4 to 
T3, i.e. the 5,-deiodinating activities. The 13 tissues were 
liver, kidney, pancreas, heart, spleen, lung, oesophagus, 
stomach, duodenum, large intestine, testis, brain and muscle. 
All of the subsequent procedures were carried out at 4。C. The 
tissues were placed immediately in ice cold 0.25 M sucrose 
solution and washed several times to clean the blood clots in 
the tissues. The tissues were then placed in 0.5 M Tris-HCl 
buffer (homogenizing buffer), pH 7.2, with 0.25 M sucrose and 
10 mM EDTA. They were trimmed free of connective tissue, 
blotted dry, weighed, minced with scissors, and homogenized in 
5 volumes (wt/vol) of homogenizing buffer by 15 strokes using 
a motor-driven telfon-glass homogenizer (A. H. Thomas, Phi la. 
PA, U . S. A . and Bel-Art, U. S. A.). After an initial 
centrifugation in a lEC CENTRA-7R refrigerated centrifuge 
(International Equipment Co., U. S. A.) at 2,000 rpm (900 xg) 
for 15 min, the supernatant was further centrifuged in a J2-21 
centrifuge (Beckman, U. S. A.) at 9,000 rpm (10,000 xg) for 30 
min. The supernatant was then collected and stored in 1.5 ml 
microcentrifuge tubes at -70° C for the 5 *-deiodinating 
studies. Protein concentration in the homogenates was 
determined by the method of Bradford (1976) with bovine serum 
albumin (Sigma) as the standard. 
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⑵ 5'-deiodination of T4 to T3 
Triplicate 100 ul samples of the homogenates (all the 
steps were carried out at 4。 C except incubation) containing 
100 ug protein were incubated with 300 m freshly prepared 100 
mM Tris-HCl buffer (working buffer) containing 10 uM T4 (L-
thyroxine, free acid, Henning, Berlin, W . Germany), 1。 rnM 
Dithioerythritol (DTE), 3 mM EDTA, pH 7.2, in 1.5 ml 
microcentrifuge tubes in a Dubnoff metabolic shaker with 
shaking at 100 strokes/min at 37。C for 25 min. Then the tubes 
were placed in ice water, and 750 yl ice-cold absolute alcohol 
were added to the incubation mixture to stop the reaction and 
allowed to stand for 15 min. The tubes were then vortexed, 
spun down in a Sigma 2MK microcentrifuge (Sigma 
Laborzentrifugen GmbH, Germany) at 9,000 rpm (7,500 xg) for 8 
min. The ethanol supernatant was stored at - 2 0。 c until 
assayed for T3 content by RIA. Blanks for each homogenate were 
treated as above, except that no homogenate was put into the 
tubes. Zero time incubation tubes were also included with the 
working buffer added immediately before ethanol extraction. 
The in vitro generation of T3 was then calculated by 
subtraction of the amounts of T3 present in the blank tubes in 
order to eliminate contamination of T4 and cross-reactivity 




(3) RIA of T3 
The T3 content of 50 ]xl ethanol extracts of reaction 
mixtures was determined by a double antibody RIA in 1.5 ml 
microcentirifuge tubes. Various reagents were added to yield a 
final volume of 500 vil : 
1. 150 ]il 50 mM Tris-HCl buffer (Trizma base, adjusted with 
1 N HCl to pH 7.4, containing 8 g/1 bovine serum albumin 
[BSA, A-7030] and 200 mg/1 thimerosal). All the other 
reagents were diluted with this buffer. 
2. 100 ul 2% normal rabbit serum (NRS). 
3. 100 ul of a 1：4500 dilution of rabbit anti-T3-BSA antiserum 
(first antibody). 
4. 100 ul approximately 20, 000 cpm of ( tracer. 
Specific activity: > 1.2 uCi/yg, Amersham). 
100 ul of various dilutions of T3 (free acid, Henning, 
Berlin), i.e., 0.154-61.4 nmol/1 L-T3, were employed for a 8 
point standard curve with the addition of the above reagents 
except that 50 ]il Tris-HCl buffer was used plus 50 ul 
homogenate buffer, ethanol mix:ture (4:7.5 vol/vol) to make up 
a final volume of 500 ]xl . The standard curve and samples were 
assayed in duplicate. The tubes were then mixed and incubated 
overnight at room temperature. 
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To precipitate “。I-T3 bound to antibody, 200 ]xl of a 
previously titered goat anti-rabbit r-globulin (second anti-
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body, 1:40, Antibodies Incorporated CA, U.S.A.) with 10% 
polyethyleneglycol (PEG, Merck,. Mwt. 6000) was added to each 
tube after the tubes were being ice-cooled for an hour. Then 
the tubes were incubated at 4。 C for another 30 min. To take 
off the assays, the tubes were centrifuged in a Sigma 2MK 
microcentrifuge (Sigma Laborzentrifugen GmbH, Germany) at 
9,000 rpm (7 ,500 xg) for 5 min at 4。C. The supernatant fluids 
were aspirated and the pellets were washed once with ice cold 
Tris-HCl buffer without BSA, pH 7.6. After centrifugation for 
another 5 m i n , the supernatant was discarded and the pellets 
in the tubes were ready for counting in a gamma-counter 
(Kontron, Switzerland). The results were expressed as the 
percentage of added label found in the pellet (%B) corrected 
for nonspecific binding calculated from data for tubes which 
contained 100 ul buffer in place of the first antibody. The 
sensitivity of the T3 RIA was 0.154 nmol/1 T3, and the intra-
assay coefficient of variation was less than 6%. 
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Results 
Fig. 2-1 shows the production of T3 from the specific T4 
5'-deiodinating (5，D) activities of the homogenates of various 
tissues of El aphe taeniura (n=6), as determined with 10 ]iM T4 
and 10 mM DTE at 3 7。 C . The mean T3 production were 35.9 土 
10.3 (±SEM) nmol/min-mg protein (range, 10.9-120) in the 
liver, 2 8 . 8 士 8 . 8 nmol/min-mg protein (range, 1 0 . 4 - 1 1 4 . 3 ) in 
the kidney, 73.7 ± 15.1 nmol/min-mg protein (range, 59.8-
220.4) in the pancreas and 8.6 土 3.6 nmol/min• protein (range, 
0.5-37.8) in the duodenum. Therefore, the liver, kidney, 
pancreas and duodenum homogenates had comparatively higher T4 
to T3 conversion rate than the other tissues, while the 
pancreas, had the highest. The others showed a very low 
conversion rate and always as low as the blanks. 
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Discussion 
The result shows the presence of 5'-D activities in 
El aphe taeniura. According to the method of preparing 
homogenates, the subcellular localization of these enzymatic 
activities is similar to that in mammals, i. e. in the 
microsomes of tissue cells (Leonard and Rosenberg, 1978; 
Maciel et al., 1979; Huang et al., 1985). 
In mammals, the liver, kidney and muscle (due to its 
large mass) provide extrathyroidally a large amount of 
circulating T3 (Ingbar, 1985; Hesch and Koehrle, 1986; Koehrle 
et al., 1987). The present finding in the snake is similar to 
that in mammals in that the liver and kidney had comparable 
high conversion rates of T4 to T3 among all tissues except 
that of pancreas which exceeds the two tissues two to three 
times. Therefore, in snakes there are at least three major 
sites to carry out the extrathyroidal conversion of T4 to T3: 
liver, kidney and the most important one, pancreas. To my 
knowledge, there are no reports about the 5•-deiodinating 
activities of the pancreas in mammals or in other animals. 
Therefore the pancreas as a major site for extrathyroidal 
production of T3 in snakes is very unusual . These 5’ 一 
deiodinating activities are probably type I because in 
mammals and in birds most of the type I 5 ‘ -deiodinating 
activities were found in liver and kidney and the type II 5‘-
deiodinating activities were found in brain, pituitary and 
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skin (Ingbar, 1985; Hesch and Koehrle, 1986; Lam and Harvey, 
1986; McNabb et al, , 1986; Koehrle et al., 1987; Kaplan et 
aJ., 1988; McNabb and Freeman, 1990). But this speculation 
needs further study. 
What proportion of the circulating T3 is generated from 
these tissues in Elaphe taeniura is unknown. The data also 
indicate a large variation among individual animals. For 
example, the T3 conversion rate in the liver ranges from 10.9-
120 nmol/min-mg protein but with a mean 35.9. This large 
variation may be due to food availability and the ectothermic 
characteristics of reptile. In mammals, starvation strongly 
reduces the 5,-deiodinating activities of T4 to T3 (Hesch and 
Koehrle, 1986; Koehrle et al., 1987; McNabb and Freeman, 
1990). These snakes were caught and held in cages for some 
time before the experiment. It is hard to tell how long these 
snakes had their food before sacrifice. This might affect the 
conversion rate of T4 to T3 in the snakes. Since snakes are 
ectotherm, their body temperature changes with the 
environment. The incubation temperature used was 37。C which 
may be much higher than the body temperature of snakes. The 
conditions for homogenate incubation were also optimized to 
exceed the physiological requirement of the animals (for 
example, high concentration of T4 and DTE were applied). 
Therefore, the present result may not reflect the in vivo 
condition of the T4 to T3 conversion in the intact animals. 
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Experiment 3. The study of the effects of T3 and Tx on the 
sloughing cycle of Elaphe taeniura and in 
vitro 5'-deiodinating activities 
Introduction 
In experiment 1, it is shown that Tx reduces sloughing 
cycle in Elaphe taeniura. This confirms the work of Schaeffer 
(1933) on ThamnophiSr Chiu and Lynn (1970) on Chionactis and 
Chiu et al, (1983) on Ptyas. On the other hand, alternate day 
injection of 8 ]xg of T4 (Chiu and Lynn, 1970) and 8 \xg of T3 
(Chiu and Lynn, 1971) per 100 g body weight were able to 
inhibit the slough of Tx Chionactis while 8 ]ig of 
iodothyronines were able to inhibit sloughing of Tx Ptyas 
(Chiu et al. , 1983) . In Experiment 1, it was found that 
alternate day injection of 3 ]xg of T3 per 100 g body weight of 
the animals was the lowest amount of exogenous T3 able to 
inhibit sloughing in thyroidectomized El aphe taeniura. But how 
long would this effect last? Were the snakes really in a state 
of hypothyroidism or hyperthyroidism after the treatment of Tx 
and injection of T3 respectively? What would be the effect of 
exogenous T3 on the sloughing cycle and epidermal histology on 
El aphe taeniura? 
In experiment 2, it was shown that 5'-deiodinating 
activities were also found in various tissues of El aphe 
taeni ura. Was it a type I or type 11 5’D? This also requires 
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further elaboration. In mammals, it is well known that the 
type I 5,—deiodinating activities will decrease in 
hypothyroidism but increase in hyperthyroidism and are mostly 
found in the liver and kidney to produce extrathyroidal 
circulating T3 (Ingbar, 1985; Hesch and Koehrle, 1986; Koehrle 
et al, , 1987; Kaplan et al. , 1988; McNabb and Freeman, 1990). 
The present study is to find out the effect of T3 on the 
sloughing cycle and epidermal histology of Elaphe taeniura, 
the types of 5'-deiodinating activities, the enzymatic 
characteristics of the 5,-deiodinase, the effect of Tx and T3 
on the 5'-deiodinating activity of the liver, kidney and 
pancreas, and the effect of Tx and T3 on the plasma levels of 
T3 and T4 to determine if the animals are in the state of 





Materials and Methods 
(1) Treatment of El aphe taeniura 
In April 1990, 47 striped racer snakes (Elaphe taeniura) 
were kept in cages with 2-3 animals each in animal house. The 
conditions were the same as described in Experiment 1, In the 
beginning of the experiment, 3 snakes were sacrificed by 
decapitation. Liver, kidney and pancreas were removed from the 
animals and processed for the study of 5•-deiodinating 
activities as described in Experiment 2 because the pilot 
study in Experiment 2 showed that these three tissues give the 
highest production of T3 on the 5'-deiodinating conversion of 
T4 to T3. The results would be used as the initial control to 
compare with the 5'-deiodinating activities of the other 
animals after treatment described below. 
The remaining animals were divided into 5 groups: (1) 
normal intact (11 animals), (2) sham operation (5 animals), 
(3) Tx (11 animals), (4) Tx + vehicle (6 animals) and (5) Tx 
+ T3 (11 animals). In group 5, the animals were subdivided 
into two subgroups: (5a) 5 animals were thyroidectomized 
before the experiment and were given first injection of T3 
after 18 days to find out if the injection of T3 could inhibit 
sloughing when the animals were in renewal phase according to 
Experiment 1, table 1-2; (5b) the other 6 were given first 
injection of T3 immediately after Tx. In order to ensure that 
sloughing cycles could be recorded in the normal intact (group 
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1) and the sham operated animals (group 2), these animals were 
selected into group (1) and group (2) when they were in the 
cloudy eye (stage 4) because this is recognizable by the 
cloudy spectacle. Therefore a complete sloughing cycle could 
be recorded when they had another cloudy eye. The amount of T3 
for injection was 3 ng/lOO g body weight of the animals on 
alternate days (see the result. Experiment 1). The vehicle 
used was described in Experiment 1. Scale biopsies were taken 
once a week in groups of (1), (2) and (5) and on alternate 
days on groups of (3) and (4). The method of sham operation 
(procedure was similar to Tx except that the gland was not 
removed), Tx, histological processing and study of scale 
samples were also described in Experiment 1. Record of 
sloughing in all animals were taken during the experimental 
period. 
After one month, three snakes of each group of group (1), 
(3) and (5) were sacrificed to study the 5'-deiodinating 
activities to see if there would be any changes in the 5, — 
deiodinating activities of the tissues after the above 
treatment. All the remaining animals were scheduled to be 
terminated to study the 5'-deiodinating activities on another 
month, i.e., the total experimental duration was two months. 
Blood samples were collected after each termination and 
centrifuged in a IEC CENTRA-7R refrigerated centrifuge 
(International Equipment Co., U.S.A. ) at 2,000 rpm (900 xg) at 
room temperature and the clear supernatant (plasma) were 
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collected and stored at -20' C for the determination of T3 and 
T4 by RIA. 
The homogenates of the liver, kidney and pancreas of the 
initial three animals were then pooled to study the influence 
of pH, duration of incubation, temperature, substrate (T4) 
concentration and cofactor (DTE) concentration on the 
generation of T3• The influence of sodium salicylate, 
propranolol, PTU and lOP on the conversion rate of T4 to T3 
were also studied. The method to assess the amount of 
exogenous T4 converted to T3 had been described in Experiment 
2. Statistical differences were determined by Scheffe's 
multiple comparisons after one way analysis of variance 
(ANOVA) using the SPSS PC+ statistic package (SPSS Inc. U. S. 
A.). A value of P < 0.05 was chosen to indicate statistically 
significant differences. 
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(2) RIA of plasma thyroid hormones 
I- Preparation of hormone free serum (HFS). 20 g of Norit A 
activated charcoal (Serva, Germany) and 2 g dextran T-70 
(Pharmacia, Sweden) were mixed in 100 ml 0.5 M sodium 
phosphate buffer, pH 7, with stirring for 10 min at room 
temperature. After centrifugation at 2,000 rpm (900 xg) for 5 
m i n , the supernatant was discarded and the charcoal was then 
added with 100 ml serum from a pool of serum of untreated and 
presumably "euthyroid" striped racer snakes. The serum was 
incubated overnight at 4' C with stirring. The resulting 
slurry was centrifuged three times in a J2-21 centrifuge 
(Beckman, U. S. A.) at 9,000 rpm (10,000 xg) at 4。 C to remove 
the charcoal. The HFS was then stored at -20。 C until use. 
II • Buffer. A solution of 0.8 M barbital sodium buffer 
titrated with 1 N HCl to pH 8.4 was enriched with 8 g/1 BSA 
and 200 mg/1 thimerosal. All the reagents required were 
diluted with this buffer. 
III. Assay of plasma T3, The procedures and reagents were the 
same as described in Experiment 2 with the addition of 100 ]il 
8-anilino-1-naphthalene-sulfonic acid (ANS, 120 mg/100 ml, 
Serva) to all standards and sample sera to make the plasma T3 
available for reaction with T3-antibody and thus measurable by 
RIA. The first antibody was diluted to 1:7500 with the buffer. 
Since the plasma T3 level of snakes is so low that 200 ul 
samples were used and 200 ]il of HFS were added from tubes of 
non-specific binding to all the tubes of standard curve. The 
standard curve was made up of 100 ]il of various dilutions of 
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T3, i.e., 0.08-3 nmol/1 L-T3, for a 6 point standard curve. 
The total volume was adjusted to 700 ]xl by the buffer. The 
buffer used in the wash of pellet during taking off the assays 
was 0.8 M barbital sodium buffer without BSA, at pH 8.6. 
•rv\ Assay of plasma T4. The antibody used in plasma T4 assay 
was solid phase antibody (Corning, U. S. A.), therefore the 
procedure was much simplified. In 1.5 ml microcentrifuge 
tubes, the following reagents were added and the final volume 
were adjusted to 450 ]xl with buffer. 
1. 100 ul sample. 
2. 100 ul ANS (60 mg/100 ml, Serva). 
3. 50 ul antibody. 
4. 100 ul approximately 20,000 cpm of ( > 1.2 uCi/ug, 
Amersham). 
100 ]xl of various dilutions of T4 (free acid, Henning, 
Berlin), i.e., 0.025-1 nmol/1 L-T4, were employed for a 6 
point standard curve. 100 ul HFS was added from tubes of non-
specific binding to all the tubes of standard curve. The 
standard curve and samples were assayed in duplicate. After 
incubation at room temperature overnight, the tubes were 
centrifuged in a Sigma 2MK microcentrifuge at 15* C at 9,000 
rpm (7,500 xg) for 5 min. The supernatant was aspirated and 
the pellets were washed once with 1 ml barbital sodium buffer 
pH 8.6 without BSA. After centrifugation for another 5 min, 
the supernatant was discarded and the pel lets in the tubes 





(A) General observc^tion and viability 
The external appearance, special features and cloudy 
spectacle of the intact (group 1) and Tx animals (group 3) 
during the sloughing cycle were similar to the result 
described in Experiment 1. Three intact animals died within 30 
days (Table 3-1) and another 3 animals terminated after one 
month to study the 5’-deiodinating activities. Therefore no 
sloughing cycle was recorded in these animals. In group 3 (Tx 
animals), 4 animals died about 50 days after the experiment 
and 3 sloughing cycles were recorded in these animals. Another 
3 animals were sacrificed to study the 5,-deiodinating 
activities after one month of the experiment and only one 
sloughing cycle was recorded. 
In group 2 (sham operation), one animal died after 20 
days of the experiment and the rest were healthy and recovered 
within 10 days after the operation. They showed normal 
sloughing behavioui:, sloughed their outer keratinized 
materials in toto and even the masking tape at the wound. 
There were no big differences in the external appearance of 
the animals between this group and that of the normal intact 
in group 1. 
In group 4 (Tx + vehicle), the animals were dull, less 
healthy, quiescent and with "cloudy" skin due to the 
accumulation of keratinized materials. i. e. they could not 
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discard the outer epidermal generation from the epidermis. 
These characteristic features were similar to that of the Tx 
animals in group 3. One animal died two weeks after the 
experiment and the rest thrived well throughout the experiment 
of 60 days. 
In group 5 (Tx + T3), the body colour of the animals was 
bright all the time after treatment. No cloudy eye were 
recorded during the experiment except in the first slough of 
group 5a animals (see below) . They were "nervous" and with 
high mortality (Table 3-1). Three animals were terminated to 
study the 5 *-deiodinating activities after one month. Only one 
animal survived at the end of the experiment (two months) and 
was used to study the 5 ’-deiodinating activities in this 
group. The high mortality may be due to the severe loss of 
body weight. The animals in group 5 had the highest body 
weight loss and then the Tx animals (group 3). 
(B) Epidermal histology 
The epidermal histology during the sloughing cycle of the 
intact (group 1) and Tx animals (group 3) were described in 
Experiment 1. The cloudy spectacle of normal Elaphe taeniura 
appears in stage 4. But in this study, it was found that in Tx 
(group 3) and Tx + vehicle animals (group 4), the cloudy 
spectacles in the second and third sloughing cycle were always 
found in different stages of the epidermal histology and did 
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not necessarily appear in stage 4. For example, when the eye 
spectacles indicated "cloudy" appearance, the epidermal 
histology showed that the animal was in a stage 6 condition. 
Therefore, cloudy eye could not be correlated with the 
epidermal stages in the Tx and Tx + vehicle animals as in the 
intact and sham operated snakes (group 1 and 2). 
In group 2 (sham operation), the animals showed similar 
epidermal histology to that of the intact animals during the 
sloughing cycle, i. e. histologically the epidermis consisted 
of two phases, the resting phase and the renewal phase and six 
stages (stage 1 to stage 6) during the sloughing cycle. There 
were two epidermal generations, the mature outer and the 
immature inner epidermal generation (Fig. 1-11) in the 
epidermis shortly before a slough (stage 6). The outer 
epidermal generation consisted of six cellular layers: the 
Oberhautchen, fl-layer, mesos layer, a-layer, lacunar tissue 
and clear layer. The inner epidermal generation consisted of 
the Oberhautchen, jS - layer, mesos layer and partial ly mature a-
layer at this time. The inner epidermal generation would 
replace the outer epidermal generation and became the 
functional unit after the outer epidermal generation was 
sloughed. Therefore sham operation seemed to have no effect on 
the epidermal histology of the animals. 
In group 4 (Tx + vehicle), the epidermal histology of the 
animals was similar to that of the Tx animals (group 3) i. e. 
65 
there was no resting phase (stage 1) found in the epidermal 
histology and only 5 stages (stage 2 to 6) were found during 
the sloughing cycle. The stratum germinativum proliferated 
intensively (Fig. 1-12) and the daughter cells differentiated 
and matured to form the different cellular layers (these give 
the characteristics of each stage) above it. The outer 
epidermal generation always remained on the outside of the 
innei: epidermal generation as in the Tx animals and several 
mature epidermal generations might be found within one skin 
section (Fig. 1-3) . Therefore vehicle injection seems to have 
no effect on the epidermal histology of Tx animals (see also 
below, the sloughing behaviour). 
In Tx + T3 animals (group 5), 2 of the group 5a animals 
(T3 injection after 18 days of Tx) were in the stage 3 and 3 
were in the stage 4 epidermal condition when they had their 
first injection of T3• They went on cellular differentiation 
after the injection of T3 and their outer epidermal generation 
matured and sloughed 7-10 days after the first injection. Then 
the epidermal histology of these animals was always in the 
resting phase (stage 1) and no renewal phase stages were seen 
(Fig. 3 - la) until their death or at the end of their 
termination (30 days after the first injection of T3). 
In group 5b animals (T3 injection immediately after Tx), 
one animal was at early stage 2 (or late 1) epidermal 
condition when it was thyroidectomized. It went on to have 
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cellular proliferation and differentiation but very slow. The 
outer epidermal generation was mature (Fig. 3-lb) after 50 
days of treatment. The other animals were always in stage 1 
epidermal condition and no mitotic figure was seen in the 
first 30 days of treatment except one which survived over 40 
days had mitotic figures seen after 30 days of treatment. 
(C) Sloughing behaviour 
The sloughing cycle of Elaphe taeniura with various 
treatment is shown in table 3-2. The normal intact animals 
(group 1) had an immediate cycle length of 35 to 54 days, with 
a mean of 42.1 ± 5.2 (土SEM) days in the first cycle. In spite 
of some selection procedure were made in the beginning of the 
experiment, there were only four animals sloughed a second 
time during the experiment because of the limited experimental 
duration (60 days). According to the epidermal histology, the 
renewal phase (stage 2 to 6) accounts about two weeks of the 
cycle length as in Experiment 1. This is very similar to the 
cycle length (about 15 days) of the Tx animals (group 3 and 
group 4, see below). Only one snake sloughed three times and 
therefore two sloughing cycles were recorded in this animal. 
In the sham operated animals (group 2), the cycle length was 
from 30 to 58 days, with a mean of 43.3 土 7.1 days (n=4) which 
was very similar to that of the normal intact (group 1). The 
renewal phase was also about two weeks as the intact group 1. 
In Tx animals (group 3), the first sloughing cycle was 
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from 14 to 17 days with a mean of 15 ±0.3 days (n=10) in the 
first cycle. Therefore the cycle length was much shorter but 
the variation was less when compared with the intact animals. 
These shorter cycle lengths and less variations may be due to 
the absence of resting phase and the stratum germinativum 
proliferated intensively. The renewal phase stages then 
comprised the whole sloughing cycle. The second sloughing 
cycle was from 13 to 16 days, with a mean 14.3 ± 0.5 days 
(n=8) and the third sloughing cycle was from 12 to 16 days, 
with a mean 13.7 土 0.6 days (n=7) . The subsequent sloughing 
cycles seemed to have shorter cycle lengths. The cloudy 
spectacle always lasted more than one week. It almost covered 
about half the time of the sloughing cycle. As described 
above, the cloudy spectacle of the Tx animals did not 
necessarily indicate stage 4 condition in the epidermal 
histology, therefore, the cycle lengths in Tx (group 3) and 
also Tx + vehicle animals (group 4) were calculated based on 
the differentiations of the epidermal eel Is rather than on 
observing the cloudy eye phase. 
In Tx + vehicle animals (group 4), the first sloughing 
cycle was from 13 to 17 days, with a mean of 15.4 ±1.2 days 
which was very similar to that of the Tx animals (group 3). 
This short cycle length is also due to the lack of resting 
phase (stage 1) in the epidermal development as in the Tx 
animals. As described above (Section B), vehicle injection has 
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no effect on the epidermal histology in Tx animals, therefore, 
these two groups had similar epidermal development and cycle 
lengths. 
In Tx + T3 animals (group 5), all the group 5a animals 
(n=5, injection of T3 after 18 days of Tx) sloughed once after 
7-10 days of alternate day injection of T3 • No slough nor 
cloudy spectacle was recorded after 30 days of the treatment. 
In group 5b animals, no slough nor cloudy spectacle was 
recorded in all the six animals. Therefore, no sloughing cycle 
was recorded in Tx + T3 animals (see below). 
(D) Effect of T3 on Elaphe taeniura 
In Tx + T3 animals (group 5), they showed higher body 
weight reduction compared with animals with other treatments 
(Table 3-1) . The mortality was also the highest and only one 
animal survived at the end of the experiment (60 days). 
In the epidermal histology, T3 injection in Tx animals at 
the skin stages of 3 or 4 (group 5a) had no effect on the 
epidermis and the epidermal cellular layers of these animals 
further differentiated into the mature tissues. Sloughing took 
place 7-10 days after the alternate day injection of T3 and 
was the only slough recorded in this group during the 
experiment. No renewal phase/stages were found throughout the 
experiment after the first slough in group 5a and except one 
animal in group 5b. i • e. the epidermal histology of the Tx + 
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T3 animals was always in the resting phase (stage 1) (Fig. 3-
la) and no mitotic figures were observed in the stratum 
germinativum during the first 30 days of the experiment. After 
30 days of T3 treatment, mitotic figures were seen in skin 
sections in two of the surviving animals in group 5b but no 
sloughing cycle was recorded (Table 3-2) during the 
experiment. 
The animal with renewal phase epidermal histology during 
the experiment in group 5b was found to be at the early stage 
2 or late 1 epidermal condition at the time of Tx and its 
first injection of T3 • Mitotic figures were seen in the scale 
samples during the experiment and maturation of the outer 
epidermal generation were observed (Fig. 3-lb) after 50 days 
of the experiment. 
Table 3-3 shows the thickness of the epidermis and 
different cellular layers of the normal (group 1) and Tx + T3 
injected animals (group 5) at the stage 1 epidermal condition. 
There was no significant difference in the thickness of the 
epidermis and the cellular layers between the normal and Tx + 
T3 injected animals at the stage 1 epidermal condition. 
Therefore, T3 had no effect on the thickness of the cellular 
layers of Elaphe taeniura and no hyperkeratosis resulted. 
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(E) Verification of the presence of the 5,-
deiodinases of T4 to T3 
(^) The T4 to T3 conversion activities 
Fig. 3-2 shows the production of T3 of the liver, kidney 
and pancreas of three Elaphe taeniura sacrificed at the 
beginning of the experiment. The result is similar to 
Experiment 2 that the pancreas had the highest 5,-deiodinating 
activities of T4 to T3, from 135-245, with a mean 185 土 39.4 
nmol T3/min-mg protein (about 3.7% of 10 uM exogenous T4 added 
during 25 min incubation with 100 ]xl homogenates) . The liver, 
displayed a range of 56-116, with a mean 78.5 土 23.1 nmol 
T3/min-mg protein (about 1.57% of 10 uM exogenous T4 during 25 
min incubation with 100 \il homogenates) . The kidney had the 
least T4 to T3 conversion rate in these three tissues, 
displayed a range of 26-57, with a mean 34 ± 14.3 nmol/min-mg 
protein (about 0.68% of 10 ]iH exogenous T4 added during 25 min 
incubation with 100 ul homogenates). These data would act as 
the initial control to compare with the conversion rate of the 
tissues after various treatment. 
(2)Effects of TOP 
lOP caused a significant dose-dependent inhibition on the 
5’-deiodinating activities of T4 to T3 in the three tissues of 
Elaphe taeniura (Fig. 3-3) . Inhibition of the conversion of T4 
to T3 by lOP was almost complete at 500 viM for the liver and 
the kidney (1% activity left in the liver and only 0.2% 
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activity left in the kidney when compared with the control). 
But there was still 6.5% of the control activity found in the 
pancreas at this concentration of lOP. About 7.5 m of lOP 
caused a 50% reduction in the T4 to T3 conversion rates in the 
liver and kidney but it was 9 uM in the pancreas i. e. the 
kidney was slightly more sensitive to lOP than the pancreas. 
(3) Effects of PTU 
The 5，-deiodinating activities of T4 to T3 in the three 
tissues of Elaphe taeniura were decreased in a concentration-
dependent manner with increasing concentrations of PTU (Fig. 
3—4). The sensitivity of these tissues to PTU was higher than 
that to lOP. With the same concentration of lOP and PTU, PTU 
had a higher inhibitory effect on the 5,-deiodinating 
activities of T4 to T3 of the three tissues. For example, less 
than 2% control activities left in the liver and kidney and 
10% left in the pancreas at 100 uM PTU (maximal concentration 
in this study), but about 10% control activities left in the 
liver and kidney and 16% left in the pancreas at 100 \iM lOP. 
A 50% reduction in the 5'-deiodinating activities was found in 
the tissues at 2.5 ]xM PTU. Since PTU inhibits only the type I 
5，-deiodinating activities (see Literature review, p. 19), the 
present result indicates that the 5‘-deiodinating activities 
in these three tissues were largely of the type I and the 




w h i c h was very little when comparing with the total activity 
assuming that no other 5’-deiodinating activities could be 
found in the three tissues of snakes as in mammals. 
The liver from the initial three male striped racer 
snakes had total 5'-deiodinating activity of 78.5 ± 23.5 (see 
F i g . 3-2) , type I activity of 76.4 ± 22.9 and the rest, 2.1 土 
0.6 nmol/min-mg protein (2.7% of the total activity, at 100 
PTU) may probably be the type II. The kidney had total 
activity of 34 土 9.6 and 33.5 土 9.5 of type I and 0.5 土 0.1 
nmol/min-mg protein may be of type II activity (1.5% of the 
total activity, at 100 uM PTU) . The pancreas had total 
activity of 185 ± 35.8 and 166.5 土 32.2 of type I and 18.5 ± 
3.6 nmol/min-mg protein may be due to type II activity (10% of 
the total activity, at 100 pM PTU). 
(4) Effects of sodium salicylate 
Fig. 3-5 shows the effects of sodium salicylate on the 
5‘-deiodinating activities of T4 to T3 of the three tissues. 
It caused a dose-dependent reduction in the 5，一deiodinating 
activities, with 3.5 mM salicylate causing a 50% reduction in 
the kidney and pancreas but 1 mM was able to cause a 50% 
reduction in the liver, i • e. the liver was more sensitive to 
salicylate than the other two tissues. 
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⑴ Effects of propranolol 
The ^-adrenoceptor blocking agent propranolol lowered the 
5'-deiodinating activities of T4 to T3 of the three tissues in 
a dose-dependent manner (Fig. 3-6). 0.5 mM propranolol caused 
a 50% reduction in the liver, 1 mM in the kidney and 1.8 mM in 
the pancreas i. e. the liver was more sensitive to propranolol 
than the other two tissues and the pancreas was the least 
sensitive. 
(F) Characteristics of the enzymatic activities of 
the 5‘-deiodinases 
(l)Substrate concentration 
The 5' -deiodinating activities of T4 to T3 increased with 
increasing substrate (T4) concentration (Fig. 3-7) . The 
pancreas gave a sudden increase in the reaction rate when the 
substrate concentration was above 2 ]xM and almost a 
logarithmic increase with the substrate concentration. Perhaps 
the reaction rate of the pancreas was far from saturation 
because the curve was not yet flattened off according to 
general enzyme characteristics. The liver and kidney had a 
moderate increase in the reaction rates with increasing 
substrate concentration. The highest substrate concentration 
used was 10 \xH/1 T4 which was used in this study to give high 
reaction rates. All other studies in this experiment were 





Cofactor (DTE) concentration 
The presence of DTE at concentrations greater than 1 mM 
resulted in a significant increase in the 5'-deiodinating 
activities of T4 to T3 of all the three tissues (Fig. 3-8). 
This stimulation occurred in a concentration-dependent manner 
but the stimulating effect slowed down in the liver and kidney 
when the concentration of DTE was above 5 mM. But in the 
pancreas, the stimulating effect increased far more 
significantly when the DTE concentration reached 10 mM. All 
other studies in this experiment were carried out with this 
DTE concentration because it gave high 5'-deiodinating 
activities. 
The effects of temperature and duration of incubation 
The 5’-deiodinating activities of T4 to T3 were observed 
with the duration of incubation from time 0. Maximal enzyme 
activities were observed at 37。 C and these increased 
progressively with an increase in incubation period (up to 150 
min) for the three tissues (Fig. 3-9 to 3-11). The pancreas 
gave the highest conversion rates, up to 8.75 vimol T3/mg 
protein were produced at 37。C, 150 min (Fig. 3-11). The 5,— 
deiodinating activities were inactivated at 4。 C and inhibited 
at 56。 C. At 56。 C, they gave a higher 5 ‘ -deiodinating 
activities at the beginning of the experiment (15 min) but 





converting activities of T4 to T3 (no detectable T3) were 
found after 50 min of incubation of the kidney homogenate and 
after 100 min of incubation of the liver and pancreas 
homogenates. In all other tests, the incubations were carried 
out at 37° C for 25 min. 
(4) Homogenate concentration 
The production of T3 from T4 by the three tissues 
increased with increasing homogenate concentration (Fig. 3— 
12). They had a marked increase in the 5'-deiodinating 
activities of T4 to T3 when the homogenate concentration was 
above 1 mg/ml protein. The production rates of T3 from the 
liver and kidney homogenates slowed down when the homogenate 
concentration was above 2 mg/ ml protein. But the pancreas 
almost showed a logarithmic increase with the homogenate 
concentration. 
(5) pH effects 
Fig. 3-13 shows the effects of pH changes on the 5 ‘-
deiodinating activities of T4 to T3. The 5‘-deiodinases were 
inhibited markedly at the pH extremes (<pH 4 and >pH 8). The 
three tissue homogenates had their optimal activities 
occurring between pH 5 and 7. But in all other tests, a more 





(G) Effects of Tx and T3 on the 5'-deiodinating 
activities of T4 to T3 of Elaphe taeniura 
Effects of Tx and T3 on the 5 '-deiodinating activities of 
the liver 
Fig. 3-14 shows the 5»-deiodinating activities of T4 to 
T3 of the liver of various treatment. Tx caused a large 
decrease, but nonetheless not statistically significant 
(results of ANOVA), in the 5’-deiodinating activities when 
compared with the normal intact control (Tx animals, group 3, 
had only 24.5% of the intact activities with one month's 
treatment; and after two months' treatment, the Tx animals had 
29.1% of the intact activities while the Tx + vehicle animals 
had only 27.2% of the intact activities). When compared with 
the initial control, the Tx animals (group 3 and group 4 in 
the one and two months' treatment) gave a large decrease in 
the activities but still statistically insignificant. All 
other treatment (sham, Tx + T3) and duration of treatment had 
also no significant effect on the 5'-deiodinating activities 
when compared with the normal intact control and also with the 
initial control, 
(2) Effects of Tx and T3 on the 5 '-deiodinating activities of 
the kidney 
Fig. 3-15 shows the 5'-deiodinating activities of T4 to 





significance (results of ANOVA) was found among the 
treatments. But the Tx + T3 animal (group 5) after 2 months‘ 
treatment had a large increase when compared with all other 
groups. It gave a 2.54 folds increase when compared with the 
normal intact of the two months ‘ treatment and 5.45 folds 
increase when compared with the initial control. It also had 
a conspicuous increase (2.8 folds) when compared with the same 
group of animals (Tx + T3 animals, group 5) in the one month's 
treatment. But it must be cautioned that there was only one 
surviving animal in this group. 
fJ) Effects of Tx and T3 on the 5'-deiodinating activities of 
the pancreas 
As described previously (Section E), the pancreas had the 
highest 5，-deiodinating activities of T4 to T3. Based on the 
results of ANOVA (Scheffe's multiple comparisons), the data 
from the pancreas indicated a significant increase in the 5,_ 
deiodinating activities in the group 5, Tx + T3 animals (Fig. 
3-16) when compared with other treatment. Its activities 
increased from 185 ± 35.8 (initial control) to 507.9 土 121.1 
(2.7 folds) with one month's treatment and 671.9 nmol 
T3/min-mg protein (3.6 folds) with two months, treatment. 
In the two month's duration, Tx also had a prominent but 
not statistically significant effect in the animals. In the Tx 





a prominent decrease when compared with the intact control 
(17.7% and 21.8% of the control value respectively) and that 
of the initial control (24.6% and 30.4% of the control value 
respectively). 
(H) Effects of Tx and T3 on the plasma thyroid 
hormone levels 
Fig. 3-17 shows the plasma T3 levels after various 
treatment. The plasma T3 level of the intact animals (group 1) 
was very low; ranged from undetectable to 0.080 nmol/1 (the 
detection limit was 0.080 nmol/1; sample volume, 200 pi, i. e. 
most of them were below the detection limit). The Tx animals 
(group 3) was also not detectable. Only the Tx + T3 animals 
(group 5) terminated after 36 hours from the last injection 
showed presence of T3 (from 0.190 to 0.455 nmol/1). Plasma T4 
levels of these animals were undetectable except one intact 
animal terminated in the two month duration which had a T4 
level of 0.0425 nmol/1 (the detection limit was 0.025 nmol/1; 
sample volume, 100 ill). 
(N. B. With the plasma samples of the striped racer snakes 
(El aphe taeniura) collected in March 1989, the plasma T3 level 
was from 0.120 to 0. 925 with a mean 0.385 土 0.179 nmol/1 (n=6) 
and the plasma T4 level was from below the detection limit to 




a very large individual variation and a much higher plasma TH 




The result shows a high mortality in Tx + T3 snakes 
(group 5) which also had the highest body weight loss. It is 
not known whether this high body weight loss or high mortality 
was a result of high metabolic rate due to the high TH level 
as in mammals. Since the animals were kept at 20-25。C, one 
may argue that THs may not exert their metabolic effects in 
this temperature range (Chiu et al. , 1983). The high mortality 
in Tx snakes might be due to sensitivity of these operated 
animals to the high body weight loss and this had also been 
reported in Experiment 1. 
The injected T3 was 3 ug per 100 g body weight of the 
animals on alternate day. According to Experiment 1, this was 
the lowest amount of exogenous T3 able to inhibit sloughing of 
the Tx animals. This amount of T3 seemed effective, at least 
in Elaphe taeniura within the first thirty days of study (no 
cell division was found in these days) while 8 ]xg of T4 and 8 
ug of T3 were used in similar treatment in Chionactis to 
inhibit its sloughing by Chiu and Lynn (1970, 1971). T4 was 
effective but administration of T3 delayed the onset of 
sloughing by increasing the length of resting phase in 
Chionactis (Chiu and Lynn, 1971) . T4 was said to cause an 
increase in the thickness of the a-layer and resulted in 
hyperkeratosis in Natrix (Goslar, 1958) and Chionactis (Chiu 




Elaphe taeniura. No significant difference in the thickness of 
the epidermal cellular layers in the normal and T3 treated Tx 
Elaphe taeniura (Table 3-3) was seen. Chiu et al. (1983) 
suggested that THs act directly on the epidermis to inhibit 
sloughing of Ptyas, In this study, no mitotic figures were 
seen in the 30 days in the stratum germinativum of Tx snakes 
after T3 treatment. This indicates that T3 acts directly on 
the stratum germinativum of the epidermis to inhibit its cell 
division. Therefore no new cell proliferates from it. But 
after 30 days, mitotic figures appeared in the skin samples of 
two animals in group 5b. These Tx snakes, however, died 
subsequently. It is possible some proliferative activity is 
present and the activity may be very low. 
The eellular differentiation and maturation of the outer 
epidermal generation would continue if T3 injections were made 
at stages 2, 3 and 4. This indicates that T3 has no effect on 
the epidermis when it is in the renewal phase. This result 
shows that T3 or this amount of T3 (see also Chiu and Lynn, 
1971 used 8 ug/lOO g body weight T3 in the injection in 
Chionactis), is not effective to inhibit the epidermal 
differentiation, and sloughing is resulted once the renewal 
phase has begun. This finding supports that the renewal phase 
is independent of the thyroid hormones (Chiu and Lynn, 1971). 
If alternate day injections of 3 ]xg of T3/100 g body 
weight of the animal were the lowest amount of exogenous T3 
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able to "delay" the sloughing of Elaphe taeniura. its plasma 
T3 level in the resting stage would be 30 ug/dl (460.8 nmol/1) 
and above according to simple calculation (the blood volume of 
the animal is about 1/10 of the body weight). But the plasma 
T3 level in normal Elaphe taeniura ranges only from 0.120 to 
0.925 nmol/1 (samples collected in March, 1989) which is much 
lower than the injected T3. The plasma T3 level of group 5 (Tx 
+ T3 animals) terminated after 36 hours of injection ranged 
from 0.190 to 0.455 nmol/1 which is much lower than the 
expected result. Within this period, the amount of T3 was 
reduced by 1,000 fold (460.8 to 0.455 nmol/1, assuming that 
the amount of last injection were the source of T3). It is 
possible that the deiodination of T3 to other iodothyronines 
(clearance rate), e. g. T2 and T1, must be fast to maintain 
such low T3 level in the plasma. Therefore, the exogenous T3 
in this experiment was still much higher than the 
physiological requirement of Elaphe taeniura. This amount of 
exogenous T3 should no doubt inhibit sloughing of the animals. 
Chiu et al. (1983) reported that only iodothyronine, not 
iodotyrosine, was able to inhibit the slough of Tx Ptyas. If 
the injection of T3 is once stopped or delayed, the plasma T3 
and other iodothyronine levels may become so low that the 
cellular proliferation from the stratum germinativum initiates 
: and the onset of renewal phase may start. This will result 
r 





The Plasma TH levels of normal Elaphe taeniura are very 
low when compared with manmials. For example, the plasma T3 
level of man ranges from 75 to 200 ng/dl with a mean 120 ng/dl 
(1.82 nmol/1) but the plasma T4 level ranges from 5,000-11,000 
ng/dl with a mean 8,000 ng/dl (102 nmol/1) (ingbar, 1985; 
Utiger, 1987; McKenzie and Zakarija, 1989; Greenspan, 1991). 
Therefore plasma T4 level in mammals is much higher than the 
plasma T3 level (see also Literature review, p. 17). But the 
reverse is true at times in snakes. The present study shows 
that the plasma TH (T4 and T3) levels in El aphe taeniura are 
sometimes undetectable and the plasma T3 level is occasionally 
higher than its plasma T4 level. 
The present study provides evidence that the in vitro 
techniques for assaying the 5'-deiodination in the reptilian 
liver, kidney and pancreas homogenates are measuring authentic 
enzymatic activities, and that the reptilian 5,—deiodination, 
at least in El aphe taeniura, is similar in some way to that of 
mammals and birds but with a much faster rate (the 
deiodinating activity of rat liver homogenate reported by 
Maciel et al, in 1979 by using 1 ug/ml T4 substrate and 0.3 
mg/ml DTT (dithiothreitol) at 3 7。 C was 42 ± 5 ng T3/min-g 
original liver. This is equivalent to 0.65 ± 0.08 pmol 
T3/min-mg protein in the presence of 1.3 ]xH T4 and 1.94 mM 
DTT. In Experiment 3, the deiodinating activity of liver 
homogenate of El aphe taeniura is 78.5 土 23.1 nmol T3/min-mg 




reported in Experiment 2 (Fig. 2-1), the reptilian pancreas 
(Fig. 3-2) had the highest T4 to T3 conversion rate in the 
three tissues. There is no report that pancreas is a major 
site for the 5，-deiodination of T4 to T3 in other vertebrates. 
Substrate concentration study shows that 1 mg/ml liver, 
kidney and pancreas homogenates were far from saturation in 
the presence of 10 uM T4 and 10 mM DTE, incubated at 37。 c. 
T h u s , in the physiological state, the enzymatic pathway for 
the conversion of T4 to T3 is far from being saturated and 
would therefore be sensitive to changes in circulating T4 
levels. But the body temperature is much lower than 37。 C in 
living reptiles. Whether this fast deiodinating activity be 
found in the living snakes is doubtful. The Michaelis-Menten 
constant (Km) and maximum velocity (Vmax) of the enzyme in the 
three tissue homogenates could not be deduced from a 
Lineweaver-Burke plot since no linearity was obtained in this 
s t u d y . This phenomenon is similar to the findings in frog 
(Jacobs and K u e h n , 1990). 
Most of the 5,-deiodinating activities of T4 to T3 in the 
repti1 ian tissues are abolished in the presence of lOP (Fig 
3-3) and PTU (Fig. 3-4), similar to the findings of Kaplan and 
Utiger (1978) and Kahl et al. (1985) in the mammals. Although 
lOP is known to be more specific than PTU in inhibiting the 
conversion of T4 to T3 (Laurberg, 1982), PTU was shown to be 
more effective than lOP (Fig. 3-3 and 3-4) . These findings are 
similar to that in avian hepatic 5，一deiodination (Lam and 
H a r v e y , 1986; McNabb et al,, 1986). 
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Since PTU inhibits only the type I 5,-deiodinating 
activities, the present study shows that most of the 5,-
deiodinating activities present in the reptilian liver, kidney 
and pancreas are the type I as in mammals (Ingbar, 1985; Hesch 
and Koehrle, 1986; Koehrle et al., 1987) and only little type 
II activities present. The deiodinating activities require the 
reductive equivalents of thiols and have typical ping-pong-
type reaction kinetics (Hesch and Koehrle, 1986; Koehrle et 
aJ., 1987) . The mechanism of inhibition of T4 to T3 conversion 
by lOP or PTU remains obscure, but inhibition by PTU in 
a manner that is uncompetitive with respect to the 
iodothyronine substrate and competitive with the thiol 
cof actor. DTE is a dithiol which is essential for the 
catalytic process of 5,-deiodination (Fig. 3-8), by preventing 
oxidation-induced conformational changes leading to an 
inactivation of the enzyme (Ingbar, 1985; Hesch and Koehrle, 
1986; Koehrle et al,, 1987). 
Salicylate has been said to inhibit the binding of 
thyroid hormones to the thyroxine-binding globulin (TBG) and 
thyroxine — binding prealbumin (TBPA) (Good et al, , 1965; 
Larsen, 1972). The inhibitory effect of sodium salicylate in 
this study is similar to mammals and 1 mM salicylate had a 50% 
inhibition on the T4 to T3 conversion in the liver homogenate 
(in the presence of 10 mM DTE) . But in the kidney and 







inhibitory effect. Since salicylate competes for the binding 
of T4 to TBG as well as inhibit the 5’-deiodination of T4 to 
T3, it is suggested that the binding site of TBG and the 
active site of the 5'-deiodinase are quite similar (Chopra et 
aJ., 1980). This competitive inhibition could not be 
normalized in the presence of DTE. It is also that the effect 
of salicylate on the 5'-deiodination is mediated by its 
ability to competitively limit the access of T4 to the 5’-
deiodinase. (Chopra et al., 1980). 
Wiersinga and Touber (1977) suggested that the 13-
adrenoceptor blocking agent propranolol lowers the plasma 
level of T3 in hyperthyroid human subjects due to the 
inhibition of the peripheral conversion of T4 to T3. Their 
proposal received support from van Noorden et al. (1979) by 
using isolated rat liver parenchymal cells. The present study 
shows that the inhibitory effect of propranolol is also found 
in the reptilian liver, kidney and pancreas homogenates (Fig. 
3-6) . Wolfe et al. (1976) reported that the action of 
propranolol is mediated via blockade of the I3-adrenergic 
receptors of the liver cell plasma membrane. This seems 
inappropriate in the reptilian tissue homogenates as 0.5 mM 
propranolol caused a 50% reduction in the T4 to T3 conversion 
rate in the liver homogenate, 1 mM in kidney homogenate and 
1.8 mM in pancreas homogenate. Therefore, propranolol is also 




T3 in reptilian tissue homogenates which are free from 
adrenergic stimulation. 
This experiment characterizes enzyme activities by 
demonstrating dependence of enzyme activities on (1) substrate 
availability, (2) protein concentration in homogenates, (3) 
duration of incubation, (4) temperature and (5) pH. These 
studies suggest that in vitro assay techniques for measuring 
5，-deiodination are evaluating an authentic enzyme activity 
responsible for the peripheral T3 production measured in 
studies of the whole organism. 
It is well known that in m a m m a l s , hypothyroidism reduces 
the type I 5'-deiodinating activities of T4 to T3 and the 
reverse is true in hyperthyroidism (Ingbar, 1985; Hesch and 
K o e h r l e , 1986; Koehrle et al” 1987; McNabb and Freeman, 1990). 
The present study shows that the 5'-deiodinating activities in 
the reptilian liver, kidney and pancreas are mostly the type 
I. T h u s , the liver and pancreas of the Tx and Tx + vehicle 
animals (group 3 and group 4), i. e. hypothyroid, had a 
prominent reduction in the 5,-deiodinating activities of T4 to 
T3 as in mammals. In Tx + T3 animals (group 5), i. e. 
hyperthyroid, the pancreas with one and two months, treatment 
and the kidney with two months' treatment had prominent, and 
significant in the former organ, increase in the T4 to T3 
conversion. 





liver and kidney had moderate changes in the 5,-deiodination 
of T4 to T3 conversion with respect to the treatment of Tx or 
adminstration of T3, while the pancreas had more prominent 
changes, i. e. it is more sensitive to plasma T4 changes and 
may provide or reduce T3 in acute plasma T4 changes. But the 
liver and the kidney are much larger than the pancreas in 
proportion to the m a s s . Therefore, the reptilian liver and 
kidney would provide more circulating T3 from T4 than the 
pancreas in normal euthyroid snakes. 
The statistical insignificance (results of ANOVA) in data 
on the 5’-deiodination of T4 to T3 in the experiment might be 
due to the small sample size (most groups had only 3 animals). 
There is no significant difference in the 5'-deiodinating 
activities of T4 to T3 between the initial control and the 
intact (group 1) and that of the sham operated animals (group 
2). Since the animals were not fed during the experiment, 
starvation seems to have no effect on the 5'-deiodinating 
activities of T4 to T3 in snakes, were it not due to the small 
sample size or other reason (for example, the 5,-deiodinating 
activities of these snakes might have been lowered to certain 
level and became stable before the experiment) . If so, this is 
different from the mammals which will reduce their 5,_ 
deiodinating activities with starving (Hesch and Koehrle, 






In ectothermic animals, like frogs, the 5'-deiodinating 
activities are somewhat different especially the location of 
the enzyme activities. The activities were only found in the 
skin and gut but not in the liver and kidney in larva and 
adult Rana catesbeiana (Galton and Hiebert, 1988), while the 
activities were found in the skin and kidney (also not in the 
liver) in Rana ridibunda (Vandorpe et al. , 1987 ; Jacobs and 
Kuehn, 1990). These activities in the reported amphibian 
species were also similar to that of mammals in some manner 
that they were influenced by substrate and homogenate 
concentration and by temperature and duration of incubation. 
They were also sensitive to PTU and required dithiol cofactor. 
Finally, the plasma T4 level of the euthyroid snakes is 
undetectable after treatment could be explained by the lack of 
food source (snakes were not fed in the experiment) and the 
deiodination of thyroidal T4 (if present) to other 
iodothyronines and iodoamino acids (Wong and Chiu, 1974). 
These iodothyronines and iodoamino acids may not be required 




Survival and changes in body weight of Elaphe taeniura 
foil owing various treatment 
Group Initial Surviving animals after days 
treatment body weight 
(g ) — 
20 40 60 
(1) Intact *348.2±47.6 [11] 10 5 
3.0%** 13.4% 21.1% 
(2) Sham 366.2±97.4 [5] 5 4 4 
3.5% 12.8% 19.3% 
(3) Tx 421.4±41.6 [11] 11 4 
5.4% 13.6% 26.3% 
(4) Tx+vehicle 470.1±70.9 [6] 6 5 4 
3.4% 10.1% 21.1% 
(5) TX+T3 505.5±56.7 [11] 9 1 
12.4% 15.1% 29.6% 
Figures in [ ] refer to the number of initial animals. 
*Mean ± SEM. 
**Mean percent decrease in body weight in surviving animals. 
•3 animals of these groups terminated after 30 days of the 







Sloughing behaviour of El aphe taeniura receiving various 
treatment 
Length of cycles in days 
Group 
treatment "“ 
1st 2nd 3rd 
(1) Intact M2.1±5.2 [4] 35 [1] -
(2) Sham operation 43.3±7.1 [4] 38 [1] -
(3) Tx 15.0±0.3 [10] 14.3±0.5 [8] 13.7±0.6 [7] 
(4) Tx + vehicle 15.4±1.2 [5] 15.3±0.6 [4] 15.3±0.8 [3] 
(5) Tx + T3 - - -
Figures in [ ] refer to number of animals that sloughed. 
*Mean ± SEM. 
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Table 3-3. 
Thickness (in u) of the epidermis and various cellular layers 
in stage 1 epidermal condition of the normal and Tx + T3 animals 
Total Cell height 
Treatment thickness of sg’ ao I3o 
Intact (14) 16.7±0.9* 9.6±0.4 4.4±0.3 10.1±0.5 
TX+T3 (18) 18.6±2.3 8.5±1.2 5.4±0.4 9.8±0.7 
Figures in parentheses refer to the number of skin samples 
being examined. 
*Mean±SEM. 
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Fig. 3-la. 
The epidermis of Tx El aphe taeniura after the 
infection of 3 ug of T3 per 100 g body weight on 
化 二 d a y for 40 days. It shows a resting phase 
(stage 1) epidermal condition. No hyperkeratosis is 
[ee? in the a-layer. The B-layer was lost during 
nistological process. 
Fig. 3-lb. 
J The epidermis of El aphe taeniura Tx at the time of 
； stage 2 epidermal condition and after injection of 
i 3 ug of T3 per 100 g body weight on alternate day 
： for 50 days (see context) . It has two epidermal 
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The 5'-deiodinating activities of T4 (10 uM) 
to T3 by the liver, kidney and pancreas 
homogenates of El aphe taeniura (n=3). Values 
are means 土 SEM. The incubations were carried 
out in the presence of 10 mM DTE at 37。 C, pH 
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Fig. 3-3. 
Effects of iopanoic acid (lOP) on 5 ‘-
deiodinating activities of T4 (10 uM) to T3 by 
pooled liver ( kidney ( • ) and pancreas 
homogenates ( 舊 ） o f Elaphe taeniura (n=3). 
Values are the mean of triplicate incubations 
carried out in the presence of 10 mM DTE at 
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Fig. 3-4. 
Effects of Propylthiouracil (PTU) on 
deiodinating activities of T4 (10 ]iH) to T3 by 
pooled liver ( • ), kidney ( • ) and pancreas 
homogenates ( 麗 ） o f Elaphe taeniura (n=3). 
Values are the mean of triplicate incubations 
carried out in the presence of 10 mM DTE at 
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I Fig. 3-5. 
K Effects of sodium salicylate on 5,-
I deiodinating activities of T4 (10 uM) to T3 by 
= pooled liver ( • ) , kidney ( • ) and pancreas 
署 homogenates ( • ) of Elaphe taeniura (n=3). 
； Values are the mean of triplicate incubations 
: carried out in the presence of 10 mM DTE at 
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Fig. 3-6.. 
Effects of propranolol on 5,-deiodinating 
activities of T4 (10 pM) to T3 by pooled liver 
( • ), kidney ( • ) and pancreas homogenates 
( • ) of Elaphe taeniura (n=3). Values are the 
mean of triplicate incubations carried out in 
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Fig. 3-7. 
^ f f e ^ s of substrate (T4) concentration。n 5 ’-
deiodinating activities of T4 to T3 by pooled 
^iver ( • )' kidney ( • ) and pancreas 
homogenates ( • ) of El aphe taeniura (n=3) 
Values are the mean of triplicate incubations 
carried out in the presence of 10 mM DTE at 
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Fig. 3-8. 
of DTE concentration on the 5'-
deiodinating activities of T4 (10 pM) to T3 by 
p o l e d liver ( • ) , kidney ( • ) and pancreas 
homogenates ( • ) of Elaphe tL^iurJ^ ?n=3? 
Values are the mean of triplicate incubations 
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Fig. 3-9. 
Effects of temperature and duration of 
incubation on the 5 d e i o d i n a t i n g activities of 
T4 (10 uM) to T3 by pooled liver homogenate of 
£7apAe taeniura (n=3) . Values are the mean of 
triplicate incubations carried out in the 
presence of 10 mM DTE at 37。 C, pH 7.2. 
102 
2 厂 • 37。C 
/ 
.日 / I - / 
CO / 
! - / 
0 5 A A 56。C 
0 50 100 150 
Duration of incubation (min) 
Fig. 3-10. 
Effects of temperature and duration of 
incubation on the 5，-deiodinating activities 
of T4 (10 viH) to T3 by pooled kidney 
homogenate of Elaphe taeniura (n=3). Values 
are the mean of triplicate incubations carried 
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Fig. 3-11. 
Effe 卞 of temperature and duration of 
f T4 (10 uM) to T3 by pooled pancreas 
homogenate of Elaphe taeniura (11=3).卩1 二二= 
III 丨，;?^ean of triplicate incubations carried 
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Effects of pooled liver ( • ) , kidney ( • ) and 
pancreas homogenate ( • ) concentration (mg/ml) 
of Elaphe taeni ura (n=3) on the 5* — 
deiodinating activities of T4 (10 ]xM) to T3 in 
the presence of 10 mM DTE at 37° C, pH 7.2 for 
25 min. Values are the mean of triplicate 
incubations. 
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Fig. 3-13. 
Effects of pH change on 5‘-deiodinating 
activities of T4 (10 uM) to T3 by pooled liver 
( • ) , kidney (口）and pancreas homogenates 
( ^ ) of Elaphe taeniura (n=3) . Values are the 
mean of triplicate incubations carried out in 
the presence of 10 mM DTE at 37。 C for 25 min. 
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II s Fig. 3-14. 
The 5,-deiodinating activities of the liver 
homogenates of Elaphe taeniura after various 
treatment. The incubations were carried out in 
the presence of 10 uM L-T4 and 10 mM DTE at 
3 7。 C , pH 7.2 for 25 min. ( • ) one month's 
treatment; ( S ) two months‘ treatment. Values 
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Fig. 3-15. 
The 5'-deiodinating activities of the kidney 
homogenate of El aphe taeniura after various 
treatment. The incubations were carried out in 
the presence of 10 ]xM L-T4 and 10 mM DTE at 
37° C, pH 7.2 for 25 m i n . ( 翌 ) o n e month's 
treatment； ( E ) two months‘ treatment. Values 
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Fig. 3-16. 
The 5’-deiodinating activities of the pancreas 
homogenate of El aphe taeniura after various 
treatment. The incubations were carried out in 
the presence of 10 uM L-T4 and 10 mM DTE at 
37° C, pH 7.2 for 25 min. ( E ) one month's 
treatment ； ( S ) two months’ treatment. Values 
are means 土 SEM. 
**P<0.05 compared with group 5, Tx+T3 animals 
(Scheffe's multiple comparisons). 
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Fig. 3-17. 
The plasma T3 levels of Elaphe taeniura after 
various treatment. The T3 levels of the Tx + 
vehicle animals were u n d e t e c t a b l e . ( 翌 ) o n e 
month's treatment; ( S ) two months‘ treatment. 




Experiment 4. The study of plasma T3 and T4 levels during the 
sloughing cycle of Elaphe taeniura 
4 
Introduction 
There are few reports about the circulating thyroid 
hormone (TH) levels in the snakes. Bona Gallo et al. (1980) 
reported that the plasma T4 levels range from 0.1 to 1.5 ug/dl 
(1.29 to 19.31 nmol/1) in the cobra, Naja naja on a seasonal 
basis by the method of RIA. Chiu (1982) reported that the 
plasma T4 level is below 1 ug/dl (12.87 nmol/1) in the sea 
snake, Hydrophis cyanocinctus and the rat snake, Ptyas korros. 
The TH levels in snakes are very low. In Experiment 3, it 
was found that the plasma T4 level of normal El aphe taeniura 
obtained in March ranged from below the detection limit (0.025 
nmol/1) to 0.197 nmol/1 and the plasma T3 level ranged from 
0.120 to 0.925 nmol/1 by the method of RIA. Chiu et al. (1983) 
concluded that snake sloughing is directly control led by the 
circulating TH levels. No one has ever tried to correlate the 
plasma TH levels with the snake sloughing processes. 
The present study is to find out the plasma TH levels at 
different stages during the sloughing cycle of the striped 





Materials and methods 
In May 1991, 25 striped racer snakes {Elaphe taeniura) 
were purchased locally and later divided into three groups: 
the normal intact, group 1; 7 days after Tx, group 2 and 16 
days after Tx, group 3. They were kept in the animal house as 
Experiment 1. Seven of them were selected when they were in 
the cloudy eye phase. It is known that the epidermal histology 
of cloudy eye phase of these snakes is in the stage 4 or early 
5 condition. These and other six clear eye snakes (group 1) 
(the clear eye snakes were assumed to be in the stage 1 
condition in the epidermal histology) were killed immediately 
by decapitation. Scale samples and blood plasma were collected 
at once. The scale samples were processed for histological 
studies and the blood plasma were for detection of plasma T3 
and T4 levels. 
All the remaining snakes (12) were thyroidectomized as 
described in Experiment 1. In Experiment 1, it was found that 
if the skin stage of the animal was at stage 1 at the time of 
Tx, it required about 20 days for the animal to reach cloudy 
eye phase (stage 4) . Then, it was assumed that the animal 
would be at stage 2 in the epidermal histology after one week 
of Tx. Therefore, seven (group 2) of the Tx animals were 
terminated in order to obtain the stage 2 or 3 scale samples 
and blood plasma at this time. The remaining animals (group 3) 
were killed when they were in the cloudy eye phase (about 16 
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days after Tx in this experiment). 
In September 1991, 26 snakes of Elaphe. taeniura were 
purchased and killed immediately to obtain the scale samples 
and blood plasma in order to find out if there is variation of 
the circulating TH levels in a different month and the skin 
stages of the animals with respect to the plasma TH levels of 
the animals. (N. B. Of this batch of snakes, 6 were in the 
cloudy eye condition which were selected out of the stock 
[about 40 snakes] in the snake shop.) 
Histological studies were described in Experiment 1. 
Blood samples were centrifuged at about 2,000 rpm (900 xg) at 
room temperature. The clear supernatant (plasma) were 
collected and stored at -20。C for RIA. The process for RIA of 




Table 4-1 shows the plasma T3 and T4 levels of Elaphe 
亡曰e乃iwa collected in May 1991 after various treatment. The 
Plasma T3 level of the normal snakes were from below the 
detection limit to 0.91, with a mean 0.327 土 0.143 at the 
stage 1 (n=6); 0.328 ± 0.272 at the stage 4 (n=2) and 0.174 土 
0.088 nmol/1 at the stage 5 (n=4) epidermal condition. 
Therefore, the plasma T3 level seemed lower when the animal 
was at the stage 5 epidermal condition. The plasma T4 level of 
the normal snakes ranged from below the detection limit to 
0.672, with a mean 0.222 土 0.079 at the stage 1; 0.394 土 0.296 
at the stage 4 and 0.356 ± 0.141 nmol/1 at the stage 5 
epidermal condition. Therefore, the plasma T4 level was lower 
when the animal was at the stage 1 than at the stage 4 and 5 
epidermal condition. 
After Tx, both the plasma T3 and T4 levels of the animais 
were decreased. 16 days after Tx seemed to have a greater 
effect in reducing the plasma T3 and T4 level. The plasma T3 
level was undetectable in three of the five snakes after 16 
days of Tx and their scale samples indicated that they were in 
the stage 4 epidermal condition. 
The blood plasma collected in September (Table 4-2) shows 
that most of the plasma T3 level of the collected samples was 
undetectable except that three plasma samples with T3 level 
ranged from 0.085 to 0.220 nmol/1. The epidermal histology of 
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the three samples showed that they were in the stage 5 
epidermal condition. The plasma T4 level of these samples 
ranged from undetectable to 0.208 nmol/1 while the samples in 
the stage 1 epidermal condition (n=18) had a mean of 0.047 and 
0.078 nmol/1 in the stage 5 epidermal condition (n=6)• Both 
the T3 and T4 level were undetectable in the stage 2 epidermal 
condition (n=l). 
Discussion 
Blood plasma of the striped racer snakes {Elaphe 
taeniura) collected in different seasons of the year had 
different plasma TH levels. This was also reported in the 
plasma T4 level in Naja naja which had a much higher level, 
ranged from 0.1 to 1.5 vig/dl or 1.29 to 19.30 nmol/1 (Bona 
Gal lo et al. , 1980) because of technique they used. The plasma 
T4 level of Elaphe taeniura collected in March 1989 ranged 
from below the detection limit to 0.197 with a mean 0.092 
±0.030 nmol/1; below the detection limit to 15.3 with a mean 
7.1±2.3 ng/dl . The plasma T3 level ranged from 0.120 to 0.925 
with a mean 0.385±0.179 nmol/1； 7.8 to 60.2 with a mean 25.1 
±11.7 ng/dl . In this experiment, the plasma T4 level of Elaphe 
taeniura was higher in May (ranged from below the detection 
limit to 0.461 with a mean 0.222±0.079 nmol/1 ； below the 
detection limit to 35.8 with a mean 17.3±5.1 ng/dl) but was 
very low in September (ranged from below the detection limit 
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to 0.208 with a mean 0.057±0.014 nmol/1; below the detection 
limit to 4.4±1.1 ng/dl). The plasma T3 level of El aphe 
taeniura was high in May, ranged from below the detection 
limit to 0. 910 with a mean 0.327±0.143 nmol/1 ; below the 
detection limit to 59.2 with a mean 21.3±9.3 ng/dl but became 
undetectable in most of the samples collected in September. 
This seasonal variation of TH may be due to secretion from 
the gland (see below) and the deiodinating activities in 
part. The functional significance of this phenomenon is no 
doubt to increase the activity of the animal for finding food 
and mating in warm season and to reduce its activity for 
conserving food in cold season. 
After Tx, both the plasma T3 and T4 levels were reduced. 
The longer the time after Tx, the lower were the plasma T3 and 
T4 levels. Therefore, Tx has an effect on lowering the plasma 
TH levels in snakes. This is due to the removal of thyroid 
gland which is considered to be the only source of THs. 
In the plasma samples collected in May (Table 4-1), the 
animals at the stage 1 epidermal condition in group 1 (Intact) 
had the highest T3 level (mean, 0.327 nmol/1, n=6) and the 
animals at stage 5 epidermal condition had the 1 east T3 level 
(mean, 0.174 nmol/1, n=4). But the T4 level of the animals at 
the stage 1 epidermal condition was lower than the animals at 
the stage 5 epidermal condition. This could be explained by 
the 5 ‘ -deiodinating activities of T4 to T3. In stage 1, the 
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deiodinating activity was higher. Therefore, more T3 was 
produced and less T4 was left. In stage 5, the deiodinating 
activity was lower, less T4 was converted to T3 . Therefore, 
more T4 was left. These changes in deiodinating activities may 
account for both the plasma T4 and T3 level being low in 
September. 
Since snake sloughing is directly controlled by the 
circulating TH levels (Chiu et al., 1983) and THs act directly 
on the epidermis to inhibit its proliferation and/or 
differentiation, there should be a drop in TH levels at the 
end of the resting phase or before the renewal phase to induce 
cell proliferation and differentiation. Therefore, a drop in 
TH level at the end of stage 1 or at the beginning of stage 2 
which is the onset of renewal phase and the maturation of the 
outer epidermal generation of the skin is a proof of the TH 
effect which inhibits the slough of snakes in high level but 
sloughing proceeds at a low level. But the stage 2 epidermal 
condition of the animal is very short and not easy to obtain, 
only two scale samples were obtained in this experiment (Table 
4-1 and 4-2). The plasma T4 level was undetectable in these 
two animals and the plasma T3 level was undetectable in one 
animal and just reached the detection limit in another (a Tx-) 
animal. Though there were only two animals in this epidermal 
condition, the data still provide support to the hypothesis 




The plasma thyroid hormone levels (nmol/1) during the 
sloughing cycle of Elaphe taeniura 
(Samples collected in May 1991) 
Skin stages Serum T3 Serum T4 
Group 1 (Intact) 
1 ( 6 ) 0 . 3 2 7 土 0 . 1 4 3大 0 . 2 2 2 土 0 . 0 7 9 
4 ( 2 ) 0 . 3 2 8 ± 0 . 2 7 2 0 . 3 9 4 土 0 . 2 9 6 
5 (4) 0.174 土 CK088 0.356 土 0.141 
6 (1) 0.150 0.133 
Group 2 (7 days after Tx) 
1 (2) 0.043 土 CLOISA* 0.059 土 0.026 
2 (1) 0.080 -
3 ( 4 ) 0 . 0 4 6 ± 0 . 0 2 7 * * 0 . 0 1 9 ± 0.020女女 
Group 3 (16 days after Tx) 
4 (5) 0 . 0 2 1 土 0.019大大 0.016 土 CK015•大 
The detection limit of plasma T3 is 0.080 nmol/1. 
The detection limit of plasma T4 is 0.025 nmol/1. 
Parentheses refer to number of animals in that skin stage. 
*Mean 土 SEM. 
**Some of the values are below the detection limit. 
-Below detection limit. 
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Table 4-2. 
- r i n g the 
(Samples collected in September 1991) 
Skin stages Serum T3 Serum T4 
2 [ 1 ” “ 0.047 ± 0.014* 
I 。.065 ± 0.039** 0.078 ± 0.039 
- 0.004** 
The detection limit of plasma T3 is 0.080 nmol/1. 
The detection limit of plasma T4 is 0.025 nmol/1. 
Parentheses refer to number of animals in that skin stage. 
*Mean ± SEM. 
**Some of the values are below the detection limit. 
-Below detection limit. 
众，? P l，? a T3 level of three snakes of this group were 
b e ， d e t e c t i o n limit and the other 3 were 0.085, 0 085 




In the mammalian epidermis, the outermost cell layers 
(stratum corneum) are dead and are continually being shed and 
replaced by the differentiation of the daughter cells of the 
deepest epidermal layer, the stratum germinativum (Flaxman et 
a厂， 1 9 6 8 ; Irish et a厂， 1 9 8 8 ; Thibodeau, 1990). In squamate 
reptiles, in contrast, the epidermis shows periodic 
synchronous production, differentiation and subsequent 
sloughing of an entire "epidermal generation" of cells 
(Maderson, 1965; Flaxman et al,, 1968; Landmann, 1979, 1986; 
Irish et al., 1988; W a l k e r , 1987; Hildebrand, 1988). 
In lizards, hypothyroidism decreases and hyperthyroidism 
increases the sloughing frequency (SF) (Chiu, 1982). The 
effects of Tx and T4 injection on the SF are found to be 
temperature dependent (Chiu et al. , 1986). The results show 
that hormonal effect on sloughing in the lizard is through 
general metabolic changes and SF is merely a reflection of the 
general metabolic status of the animal. 
In snakes, the relation of the thyroid status to SF 
appears the reverse, despite Blem and Zimmerman (1986) 
reported that in snakes, the weight and total energy content 
of sloughed skins are highly correlated with body weight and 
small snakes expend relatively less energy in sloughed skins 
than large ones. 
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The present study provides another set of data to confirm 
the work of Schaeffer in 1933. that Tx increases the SF of 
snakes. This is well documented by Chiu and Lynn ( 1970, 1971) 
and Chiu et ai. (1983). On the other hand, TH injections (3 ug 
T3 per 100 g body weight in this study) Inhibit the sloughing 
of snakes (Chiu and Lynn, 1970, 1971; Chiu et ai., 1983). In 
Tx animals cellular proliferation from stratum germinativum 
seems to occur continuously and the epidermal histology is 
always in the renewal phase. T3 injection on the other hand, 
inhibits the epidermal cellular proliferation and delays 
indefinitely the onset of renewal phase in Elaphe taeniura. 
If Tx is carried out in later stages in the epidermal 
histology of Elaphe taeniura, Tx seems to produce no effect on 
the on-going cycle. Less time is required to reach stage 6 
(the remaining duration of the renewal phase) and the animal 
starts a new cycle. This can also be shown by T3 injection in 
the renewal phase in which T3 has no effect on the epidermal 
differentiation and development if the epidermal histology of 
the animal is in later stages of the cycle (see the result, 
Experiment 3). Therefore, THs can only exert their effect on 
the resting phase and have no effect on the renewal phase of 
the epidermal development of snakes. 
The sloughing cycles of the intact and Tx Elaphe taeniura 
in Experiment 1 and Experiment 3 are very similar. Though the 
two experiments were carried out in different years (1989 and 
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1990), they were carried out in the same season (both were 
started in April). The intact, snakes showed very variable 
cycle lengths. In Tx animals, the cycle lengths became shorter 
and the variation was less in the two experiment (Table 1-1 
and Table 3-2). The renewal phase in intact snakes was about 
two weeks which was very similar to the cycle lengths of Tx 
snakes. Therefore, Tx seems to reduce the cycle lengths of the 
snakes by eliminating the resting phase of the epidermis. This 
supports findings by Chiu and Lynn in Chionactis (1970) and 
Chiu et al, in Ptyas (1983). 
Maderson et al, (1970) reported that the new inner 
epidermal generation differentiate during a period of lowest 
thyroid gland activity, and gland activity is highest around 
sloughing judging by the thyroidal follicular cell height. 
This is an indirect evidence to find out the relation between 
TH and sloughing. With other approaches, the relationship of 
THs and the cellular proliferation and differentiation of the 
epidermis during the sloughing cycle can be assessed as in the 
present study. Though the plasma TH levels in snakes are said 
to be very low (Bona Gallo et al. , 1980; Chiu, 1982), the 
plasma TH levels can nonetheless be measured during the 
sloughing cycle with the application of optimized RIAs. 
The plasma T4 level is higher in the middle of renewal 
phase (stage 4 and 5, see table 4-1 and 4-2) than the resting 
phase in Elaphe taeniura. Both the plasma T3 and T4 levels are 
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low and even undetectable at stage 2 epidermal condition in 
one snake (Table 4-2). Tx leads to precipitous fall in THs 
within 7 days (Table 4-1) and onset of the renewal phase. 
These findings indicate that low TH levels trigger the 
cellulai: proliferation and differentiation from the stratum 
germinativum. This fundamentally supports the hypothesis of 
Maderson et al. (1970) on the initiation of the renewal phase. 
The high individual and seasonal variations in plasma T4 
and T3 levels suggest a number of possibilities. One of these, 
there is an extra thyroidal T4 to T3 conversion in snakes. 
This is proved by the presence of authentic 5,-deiodinating 
enyzme activities in the snakes. Most of the activities belong 
to the type I and is mainly found in the pancreas, liver and 
kidney. The activity decreases in hypothyroidism and the 
reverse is found in hyperthyroidism. This is similar to the 
5,-deiodination of T4 to T3 in mammals (Ingbar, 1985; Hesch 
and Koehrle, 1986; Koehrle et al., 1987; McNabb and Freeman, 
1990) • Since the effect of T4 is higher than T3 in inhibiting 
sloughing of snakes (Chiu and Lynn, 1971), the T4 to T3 5,-
deiodinases may also play a role in control ling the sloughing 
cycle of snakes. It may increase the SF by converting T4 to T3 
or even to other iodothyronines. Chandola-Saklani and Kar 
(1990) also reported that the effect of T4 on sloughing in the 
garden lizard, Calotes versicolor is greater than that of T3. 
By using lOP to block the conversion of T4 to T3, they suggest 
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that all effects of T4 in lizards need not necessarily be 
mediated via conversion to T3. 
The present study suggests sloughing cycles and SFs of 
snakes are controlled by at least two factors: the thyroidal 
secretion of T4 and the 5,-deiodinating activities of the 
snakes. Both of these factors are influenced by external 
agents, like food sources and ambient temperatures. The inter-
relationship of these factors could explain the individual and 
seasonal variations of plasma T3 and T4 levels and the 
variation of sloughing cycle lengths in intact animals. 
124 
Summary and conclusions 
1. During the sloughing cycle of El aphe taeniura. the 
epidermis undergoes structural changes which can be divided 
into two phases, a resting phase and a renewal phase and 6 
skin stages. Stage 1 belongs to the resting phase and 
stage 2 to 6 to the renewal phase. Cloudy spectacle occurs 
at stage 4. 
2. In Tx skin samples, only renewal phase is seen. Tx causes 
shortening of sloughing cycle and thus increases SF by 
eliminating the resting phase of the animal. 
3. T3 probably acts directly and is inhibitory on the 
epidermis. Only the resting phase is susceptible to the 
influence of T3, whilst the renewal phase is not affected. 
T3 probably acts by regulating the cellular proliferation 
from stratum germinativum but it has little effect on 
subsequent differentiation of the prroliferated cells. 
4. There is an authentic 5,-deiodinating activity of T4 to T3 
in Elaphe taeniura. This activity is of mainly the type I 
deiodinase and which is mainly found in the pancreas, liver 
and kidney. 
5. The 5‘-deiodinating activity is inhibited by PTU, lOP, 
propranolol and salicylate. The activity is increased with 
substrate concentration, cofactor (DTE) concentration and 
protein (homogenate) concentration. Its optimum temperature 
is 37"C and its optimum pH is from 6 to 8. 
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6. Hypothyroidism and hyperthyroidism cause a decrease and an 
increase in the 5 ‘ -deiodinating activities of T4 to T3 in 
the pancreas and liver respectively. 
7. The plasma T3 level of El aphe taeniura is high in spring 
(March and May) but becomes undetectable in autumn 
(September). The plasma T4 level is still detectable in 
autumn. 
8. The plasma T3 level relates that of T4 and depends on the 
5‘-deiodinating activities. 
9. Both the plasma T3 and T4 levels of the animals drop after 
Tx and fall below detection limit in a week. This indicates 
the thyroid gland being the main source of TH. Since the 
initiation of the renewal phase invariably occurs at this 
time, the absence of TH is a strong indication that TH 
inhibits the renewal phase. 
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